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Abstract 
 
A series of abortions occurred in mares in New South Wales during 2004 that involved 
unusual bacteria and unique lesions on post mortem examination of aborted foetuses and 
foetal membranes. Investigations ensued to determine the cause of the abortions and the 
condition was termed Equine Amnionitis and Foetal Loss (EAFL). Studies within this body 
of work detail the histopathology and outline the bacteria associated with the clinical cases 
of EAFL.  A detailed working case definition for EAFL is also given. An epidemiological 
association was found between the abortions and the presence of the Processionary 
caterpillar (Ochrogaster lunifer) leading to experimental studies involving the exposure of 
mid-term pregnant mares to the exoskeleton or whole Processionary caterpillar.   The 
experiments involved nasogastric exposure with suspended emulsified caterpillar 
exoskeleton (1g, 3g, and 5g) or emulsified suspended whole caterpillar (50g, 100g) for 5 
days.  The histopathology of 1 untreated and six treated mares and the resulting abortions, 
euthanized foetuses, or compromised foals were examined in these studies to determine 
the effect of oral exposure to processionary caterpillars.  The treated mares were selected 
from the two experiments involving whole caterpillars and euthanized on sequential days of 
2, 4, 8, 10, 12, and 24 from the first treatment.  The euthanized foetuses, abortions, stillborn 
and compromised foals resulting from all three experiments were also examined.   
Setal fragments were present in all regions of the gastrointestinal tracts in all treated mares, 
the uteri and mesenteric lymph nodes of five mares and within the liver of four mares.  Acute 
gastroenteritis of varying severity was present in all treated mares with five of six mares 
have acute colitis and endometritis.  Focal hyperplastic serositis was found in the duodenum, 
cecum, dorsal colon and uteri of various mares occasionally with embedded setal fragments.  
Setal invasion of the mucosa evoked a range of lesions including superficial erosion to deep 
ulceration. Cellular reactions in deeper tissues ranged from unapparent to neutrophilic 
(microabscesses), eosinophilic, or mononuclear (microgranulomas).  Caterpillar setal 
fragments were present in the allantochorion of the 3 foetuses from the euthanized mares 
and 11 of 12 aborted foetuses either embedded in the chorion (villi or stroma) or allantois 
(vasculature or stroma).   Placental locations of fragments ranged from the cervical pole 
region to the body encompassing the umbilical insertion and pregnant horn.  Numbers in 
each foetus ranged from 1 to 7 fragments.  Setae were present in the allantochorion from 2 
to 22 days after the initial treatment.   A wide range of inflammation from subtle acute to 
chronic active was present in all aborted foetuses; all euthanized foetuses, and within at 
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least 1 tissue level (chorion, allantois, umbilical cord, or amnion) of the membranes from full 
term compromised foals.  Amnionitis, funisitis, and allantoitis were present in 95% of the 
examined membranes.   Pneumonia was present in 95% of the specimens and bacteria 
were present histologically in 90.5% of the specimens with or without accompanying 
inflammation.  A wide variety of bacteria were isolated from the foetuses including novel 
Streptococci and environmental coryneforms similar to clinical cases of EAFL.  Setal 
fragments were found within the uterus of experimental mares and the allantochorion of 
aborted and euthanized foetuses as quickly as 2 days post-exposure in addition to the 
isolation of enteric or environmental bacteria from lung and stomach contents of aborted 
foetuses.   
An additional experiment exposing mares in the pre-placentation stage (<45 days) or early 
placentation stage (45-90 days) of pregnancy resulted in the induction of two cases of focal 
mucoid placentitis. The histopathology of these cases are detailed in addition to two cases 
of focal mucoid placentitis in confirmed EAFL field cases with the characteristic histologic 
lesions similar to Nocardioform placentitis but with the isolation of a variety of bacteria. The 
induction of focal mucoid placentitis after exposure of mares in the early stages of pregnancy 
combined with the knowledge that caterpillar setae migrate into the uterus and 
allantochorion of exposed mares suggests that focal mucoid placentitis is yet another 
manifestation of EAFL.   
Detailed experience in identifying the appearance of setal fragments which is highlighted 
under toluidine blue staining allowed in depth examination of tissues from equine abortions 
submitted for examination in 2012.  Five cases were found in which a caterpillar setal 
fragment was found in the allantochorion confirming that setal fragments migrate from field 
exposure as well as experimental exposure to processionary caterpillars.   
The experiments in this thesis have shown histologically for the first time, the ability of 
Processionary caterpillar setae to penetrate the maternal gut wall and migrate directly into 
the uterus and placental tissues.  This is considered to be the most likely means of 
translocation of bacteria to the foetal membranes.  The direct, rapid migration of setae in as 
little as two days from ingestion from the gut to the placenta facilitates bacterial infection.  
Bacteria present in the mare’s gut likely attach to migrating setal fragments and translocate 
through the gut wall, the uterus and the foetal membranes in which they subsequently 
colonize.  Incomplete migration of setal fragments may account for the focal mucoid 
placentitis induced when mares were exposed in early gestation.  Bacterial colonization of 
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the foetal membranes and/or foetus may cause foetal compromise or death and eventual 
abortion.  
The variety of manifestations of EAFL due to the migration of setal fragments ranging from 
acute abortion, chronic active placentitis, stillbirth, compromised preterm and full term foals, 
and focal mucoid placentitis have a significant impact on the breeding of horses and 
ultimately the racing industry in Australia.   
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1.1 Preface 
 
In 2001 there were approximately 1.2 million horses in Australia of which around 10% were 
Thoroughbreds (Gordon, 2001). The horse industry contributes $5 billion to Australia’s gross 
domestic product (Shorten, 2008) and Thoroughbred breeding alone contributes $460 
million (Gordon, 2001).  The Upper Hunter Valley of New South Wales, the major 
Thoroughbred breeding region in Australia, is where much of that breeding occurs 
(Robinson, 1996;  McManus, 2008).   It is similar to other Thoroughbred nurseries around 
the world; USA (Lexington, Kentucky), England (Newmarket and Lambourn), and Ireland 
(Kildare-Meath-Dublin) (Robinson, 1996).  
 
The global horse industry goes through an annual breeding cycle which varies by region 
(Aurich, 2011). In Australia, Thoroughbred breeding begins in September and ends in 
December (Bailey 1998) with Thoroughbreds having an official birthday of August 1st and 
the majority of foals are born after that date. In 1995, 26, 952 Thoroughbred mares were 
covered with 17, 658 live foals born at a foaling rate of 65.5% (Bailey, 1998). This percentage 
has not changed significantly over the last 15 years, remaining around 66% despite the drop 
in mares covered to 20, 114 in 2013 with 14, 227 live foals (Australian Stud Book).   This 
loss in breeding efficiency or “wastage” in the breeding sector of the Thoroughbred breeding 
industry has been attributed to a number of factors (Bailey, 1998).  These include a failure 
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of the mare to conceive, age of the mare, selection of breeding stock based on racing 
performance rather than fertility, and losses during gestation due to infectious disease, 
twinning, or placental abnormalities (Bailey, 1998).   
The economic impact of breeding wastage in the Thoroughbred industry is difficult to 
calculate. Breeding wastage based only on the cost of the upkeep of barren mares and lost 
stallion fees was calculated to cost the UK industry in1982 £7.2 million ($33.2 million AUD 
in 2014) (Jeffcott et al., 1982).  The real cost is actually much greater as the financial impact 
of pregnancy loss for any reason will depend on the potential worth of the lost offspring 
which will vary with the racing history of the parents and their perceived genetic worth. The 
disastrous effects of widespread disease in horses were apparent during the Australian 
outbreak of Equine Influenza (EI) in 2006 where racing and breeding were halted for an 
extended period of time (Smyth et al., 2011).  The economic impact was felt from milliners 
to trainers to vets to publicans; all reliant in some way to the continued circle of horse 
breeding, training, and racing. The total financial losses by industry alone related to EI was 
an estimated $381 million, despite a very low mortality rate (Smyth et al., 2011)  
Disease investigations in the horse industry are directly proportional to the worth of the 
animal, involvement of insurance companies, and/or zoonotic potential. The latter is evident 
with the resources directed to Hendra virus research and control (Broder et al., 2013; 
Degeling and Kerridge, 2013).  Financial costs caused by the inability to get a mare 
pregnant, early loss of a confirmed pregnancy, abortion or still birth are all incentives to 
investigate reproductive loss.  Equine herpes virus (EHV-1) is an infectious disease which 
can cause “abortion storms” (Swerczek and Dennis, 2006) and has been the primary 
motivator for investigations into abortions in the Thoroughbred horse industry.  Treating 
every abortion as if it could potentially be transmissible to other mares and having a thorough 
necropsy of the foetus and foetal membranes has been the key to diagnosing the presence 
of EHV-1  in breeding herds and limiting the effects if confirmed (Swerczek and Dennis, 
2006).   
Specialist veterinary pathology laboratories exist in the major Thoroughbred regions of the 
world to provide a full diagnostic service for equine disease and abortions. In the Upper 
Hunter Valley this service was established by Dr Angela Begg.   Formal procedures for 
investigating equine mortalities and abortions were established to improve diagnostics and 
prevent spread of disease in that region including instructing industry personnel in 
quarantine protocols (A.P. Begg pers. comm.). The support provided to veterinarians and 
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the industry in equine diagnostics laid the foundation for epidemiological investigation of 
disease outbreaks in the Hunter Valley horse population. Therefore, when a series of 
unusual equine abortions occurred in the Hunter region in 2004, the industry was prepared. 
Prior training and with procedures in place, a full and thorough investigation of unusual 
abortion cases was possible leading to the discovery of a unique interaction between horses 
and caterpillars that has become the basis of this thesis.  
   
1.2  Challenges of abortion diagnostics 
 
Equine abortion investigations require the necropsy of the foetus and foetal membranes with 
collection of tissues and fluids for bacterial culture, virological testing, and histopathology 
(Foote et al., 2012).  The gross lesions visualized during the necropsy can be as important 
as the testing in determining the ultimate cause of the abortion (Morresey, 2005).   
Unfortunately, many factors can influence what is submitted for examination including loss 
of the foetus and foetal membranes due to paddock size, predation, or retention in the mare, 
as well as, ignorance in submission requirements (Whitwell, 2011).  The high cost of 
complete necropsies and testing can lead to submission of limited specimens only to 
eliminate contagious abortion as a cause. The financial loss of EHV induced abortion storms 
however has been a motivation for the Thoroughbred industry to fully embrace an in depth 
investigation of any abortion to prevent such large scale losses (Sabine et al., 1983; 
Gilkerson et al., 1998).  
During the necropsy, detailed measurements of the umbilical cord and aspects of foetal 
growth are recorded as well as any external lesions on the foetal membranes, cord, and 
foetus. Samples are taken from the stomach contents and lungs for culture and from the 
thymus, liver, spleen, and lung for EHV-1 testing (Whitwell, 2011). Histopathology 
specimens encompass the cervical pole and umbilical insertion areas of the placenta, 
section of the umbilical cord between the amnion and placenta, amnion, and internal organs 
(Whitwell, 2011).  By taking this minimum number of specimens, it is generally possible to 
diagnose most of the known causes of abortion (Morresey, 2005; Whitwell, 2011; Foote et 
al., 2012).  Equally important, the set protocol of examination and specimen collection 
provides a solid base for investigating any “unknown” or new causes of abortion as will be 
described in both the clinical and experimental chapters of this thesis. 
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1.3    Identification of a new form of equine foetal loss  
 
Outlined in this section is the sequence of events that occurred in 2004, commencing with 
the initial observations of unusual cases of abortion and culminating in the search to explain 
the incidence rate and pathogenesis of this disease entity. The pathology and microbiology 
of the clinical condition and experimental induction of the disease are the basis of this thesis.  
1.3.1  Initial cases 
In late February of 2004, 3 out of 12 confirmed pregnant Thoroughbred mares in a an 
isolated paddock of a horse stud near Scone in the Upper Hunter were found not to be in 
foal mid-way through gestation.  Paired serology for EHV-1 was negative, but as a 
precaution, the remaining mares in that paddock were started on oral broad-spectrum 
antibiotics.  In late April, a fourth mare from the same paddock aborted and the foetus and 
membranes were submitted for necropsy.  Histological changes were limited to acute 
inflammation especially in the amnion and lungs with unusual Cellulomonas sp. and 
Streptococcus suis isolated from microbiological samples (Chapters 4 and 5).  Abortions on 
this property continued into May with an additional four abortions occurring with positive 
cultures from two foetuses (Cellulomonas spp.) and no growth from the remaining two 
(Chapter 5).  
A Quarter Horse stud at Merriwa, approximately 100km from the Thoroughbred property 
also experienced losses during April and May.  Three previously pregnant mares were found 
empty without recovery of the aborted foetuses for examination. Investigation of the 
environment around the property revealed a black sooty mould (Figure 1.01) on the native 
grass throughout the large unimproved paddocks in which the mares grazed.   At another 
location, an additional Thoroughbred farm experienced a mid-term abortion with minimal 
inflammation and Corynebacterium sp. isolated from the lung and stomach contents.  
1.3.2  Early investigation 
In June 2004, a further six abortions occurred on the original Thoroughbred stud with 
isolation of Cellulomonas sp. from two of the six abortuses.  Testing for EHV-1, Equine viral 
arteritis (EVA), and Leptospirosis were all negative.  Heavy metal and microbiology testing 
of water samples were also negative. Uterine swabs from the aborted mares had no growth 
and vaginal swabs grew normal flora.  Haematology and biochemistry abnormalities in the 
aborting mares were minimal if present.   Prophylactic antibiotics were not preventing the 
abortions and the pathological lesions were progressing from acute to chronic active 
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inflammation and involved the amnion (amnionitis), umbilical cord (funisitis) and foetal lungs 
(Chapter 4).  Onsite and investigating veterinarians eliminated known poisonous plants, feral 
animals, and chemical toxicities from the list of differentials. 
Close examination of the microbial results and histopathology on the examined abortuses 
from different properties in July identified a possible link between the cases with the isolation 
of environmental Coryneform bacteria from foetal tissues (stomach contents, lung) (Chapter 
4, 5).  Cellulomonas sp. was isolated from one of four abortions from a different 
Thoroughbred property and also from another mid-term abortion on the original Quarter 
horse property.   Gross and histologic pathology of amnionitis and funisitis were also more 
apparent in the mid-term abortions.  The underlying aetiology was still unknown and further 
difficulty arose with political ramifications regarding the ongoing abortions in the Hunter 
Valley hampering investigations.  
 1.3.3  A pivotal month 
By August 2004, four more abortions had occurred on the Quarter horse property without 
isolation of Cellulomonas spp. but with similar pathology of the umbilical cord and amnion.  
A case of focal placentitis in a premature birth also occurred on the original Thoroughbred 
stud farm involving another environmental organism, Stenotrophomonas maltophilia in 
addition to gross lesions of amnionitis, and funisitis (Chapter 9).  The foal was severely 
compromised and euthanized for humane reasons.    
The black sooty mould (Figure 1.01) which had been noted on the native grass at the Quarter 
horse farm was considered significant and other properties on which abortions had occurred 
were checked for mould presence (including fungal endophytes), mycotoxins, poisonous 
plants and any other possible contributing environmental factors. Professor Wayne Bryden, 
a noted Australian mycotoxin expert from the University of Queensland, was asked to 
examine and advise on this area. 
 
Figure 1.01.  Black “sooty” 
mould (arrow) on the 
native grass collected from 
the Quarter horse 
property. 
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In the third week of August, investigation of the environment in the Scone area revealed 
leaves on numerous eucalyptus trees were fused together.  Opening the leaves revealed a 
small caterpillar within in a fine silk web (Figure 1.02). Coincidently, the distinct funisitis noted 
in these unusual cases had been compared to publications on mare reproductive loss 
syndrome (MRLS) in the United States where a caterpillar, the Eastern Tent caterpillar 
(Malacosoma americanum) had been found to be the primary cause (Webb et al., 2004).  
Investigations were then directed to determining if this caterpillar or any other insect could 
be responsible for the abortions and distinct pathology. 
 
1.3.4  Environmental investigations 
One of the mares that aborted in August at the Quarter Horse property was fed hay under a 
gum tree. Subsequent discussion with the owner during a field visit to the Quarter Horse 
property with Professor Bryden revealed that a “plague” of hairy, processionary-type 
caterpillars occurred in Merriwa the previous November but were not around when the 
abortions started in late March.  Only the nests of those processionary caterpillars remained 
in some of the Yellow Box gum trees where the leaves were spun together in decaying silk 
“bags” (Figure 1.03).  However, smaller caterpillars sandwiched between the gum leaves 
were easily found scattered around the paddock and yards. 
  
Figure 1.02.   Caterpillar present 
sandwiched between eucalypt 
leaves in the leaf litter under Gum 
trees from paddocks on the main 
Thoroughbred property. 
Figure 1.03. Old silk 
caterpillar nests between 
the branches of a eucalypt 
tree.  
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The same small caterpillar was also found on a subsequent visit to the originally affected 
Thoroughbred stud but only in the alleyways between the improved pasture paddocks and 
not on the paddock side of the fences.  However, Eucalyptus trees were planted between 
paddocks and were also naturally growing around the unimproved “Bush” paddocks where 
the abortions initially occurred.  In addition, a White Cedar tree was present in the paddock 
where many of the originally aborting mares were housed.  The farm horticulturalists 
observed that this tree was “eaten out” within 1-2 days by caterpillars nearly every year but 
it was unknown if the caterpillars were around in April (R.M Wylie pers. com.).  Samples of 
the gum leaf caterpillar were taken from both farms for identification.  
It was speculated that perhaps mares were ingesting gum leaves containing the small 
caterpillar described in Figure 1.02, however, equine veterinarians and industry personnel 
thought it unlikely that mares would intentionally ingest gum leaves due to their extreme 
bitterness. 
1.3.5  Causal hypotheses  
By September 2004, a number of suggestions/hypotheses had been formulated by those 
associated with the investigations to explain the induction of abortion by environmental 
coryneform bacteria which were not previously considered pathogenic to the horse. The 
suggestion with the greatest support was that the unusual bacteria were gaining access to 
the amniotic fluid via a haematogenous route.  Others considered the abortions were 
possibly secondary to a toxin acting at a cellular level affecting the uterine-placental 
circulation allowing organisms, carried haematogenously, into the placental circulation.  It 
was agreed by most that the range of gross and histological lesions were three phases of 
the same problem.  
Throughout October, test results from many of the samples collected during farm visits were 
finalized ruling out a variety of possible aetiological factors.  The sooty mould from the 
Quarter Horse property was a common “smut” (Ustilago hypodytes) and not a known toxin 
producer.  Endophytes were not isolated from any grasses on the multiple properties 
sampled. The small gum leaf caterpillar was a Leaf Roller caterpillar of which there are many 
different species that eat eucalypt leaves and not considered toxic.  However, the distinctive 
pathology was unique enabling a comprehensive epidemiological review of the 
circumstances surrounding this new condition to be initiated.  
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1.3.6  Caterpillar connection  
An industry appeal for funding of an epidemiological study was organized by a Scone 
veterinarian, Dr Bill Howey, and local equine identity Mr. Bill Rose through the Hunter Valley 
Equine Research Foundation.  Industry interest through presentations on the ongoing 
investigation was sufficient to establish a research fund for the investigation.  
Dr Nigel Perkins, a veterinarian specialising in epidemiology and reproduction, was 
contracted in late November 2004 to prepare a detailed epidemiological report surrounding 
the abortions of 2004. Dr Perkins was given the following summary of events;  
• the specific pathology and/or the isolation of Cellulomonas spp from the stomach 
contents and/or lungs from abortions over 6 properties, 21 of 24 which had come 
from two main farms 
• the abortions on the two main farms were on unimproved native pasture without any 
other feed supplementation 
• the paddocks had been completely eaten down due to dry conditions 
• large numbers of small caterpillars in gum leaves were present under the Box trees 
on the Quarter horse property and around the paddocks of the stud farm  
• black “sooty” mould had been found on the Quarter horse property but not on the stud 
farm. 
After ruling out known causes of abortion, the focus was placed on establishing a case 
definition based on the pathology of the clinical cases followed by an investigation of the 
farms where known or suspect cases occurred (Chapter 4). During the meetings that 
established the case definition, the term Equine Amnionitis and Foetal Loss (EAFL) was 
established as the name of this new form of equine abortion in Australia (Perkins, 2005; 
Perkins et al., 2007). The presence of caterpillars as well all aspects of farm management 
on the affected properties were investigated. Anecdotal reports of similar abortions occurring 
in Victoria and Queensland were noted suggesting EAFL was not just limited to one area of 
NSW.   
The reappearance of Processionary caterpillars on the original Quarter Horse property in 
February, 2005 reinforced a possible role for this caterpillar in aetiology of EAFL. The 
epidemiology report concluded that caterpillars, particularly the Processionary caterpillar 
(Ochrogaster lunifer), were the most likely aetiological agent and a second possibility was 
the plant, Australian native Pennyroyal (Mentha satureioides) (Perkins, 2005). 
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Pennyroyal was present in unimproved pastures on some farms where mares had aborted 
but not in paddocks with few or no losses (Perkins, 2005). This plant was considered a 
potential risk factor as the oil of a European Pennyroyal (Mentha pulegium) had been 
reported to cause abortion (Everist, 1981). The Australian Pennyroyal contains a similar oil 
and has been associated with abortions in Queensland cattle (White, 1934, 1936). However, 
in studies with mice, no evidence of an abortifacient in the plant was found (A. A. Seawright, 
pers. com).  
When funding became available to conduct studies in an attempt to induce EAFL it was 
decided to expose pregnant mares to the Processionary caterpillar because of the frequency 
with which it was found on affected properties and the similarities seen between MRLS and 
EAFL (Cawdell-Smith and Bryden, 2009).   
1.4  Objectives of this thesis 
 
The long-term objective of the studies described in this thesis was to determine the aetiology 
of EAFL in order to develop intervention strategies for prevention.  To achieve this objective 
both clinical and experimental studies were undertaken that permitted the testing of a 
number of hypotheses.  The initial hypothesis was that EAFL was a new and distinct disease 
entity in Australia and this was tested in the clinical studies described in Chapters 4, 5 and 
10. The other major hypothesis was that ingestion of Processionary caterpillars by pregnant 
mares caused abortion with similar pathology to EAFL and was tested in Chapters 6, 7 and 
8. This research can therefore be divided between clinical and experimental studies, namely; 
1. Collection of field data to better describe EAFL clinically, especially with regard to 
histopathology and the microbiology associated with clinical abortions.  
Although necropsy of clinical cases demonstrated that bacterial infection precipitated 
abortion, it became obvious that the aetiology of the condition did not have a simple 
microbiological explanation. Thus the second part of this thesis was an attempt to induce 
EAFL experimentally.  
2. Conduct of experiments to test hypotheses regarding the role of the Processionary 
caterpillars (PC; Ochrogaster lunifer) in the aetiology and pathogenesis of EAFL 
Following the initial experiment which demonstrated that exposure of pregnant mares to PC 
induced EAFL, further research was conducted in an attempt to define the mechanism by 
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which caterpillars precipitated abortion. The histopathological changes and microbiological 
associations induced by caterpillar exposure of pregnant mares are detailed in this thesis.  
During both the clinical cases and experimental studies described in this thesis, a number 
of cases of focal mucoid placentitis (sometimes described as nocardioform placentitis) were 
observed. This prompted an investigation of a possible role for caterpillars in the initiation of 
this condition.  
 
It should be noted that the experiments referred to above were conducted by Judy Cawdell-
Smith, a fellow PhD student, who investigated the role of caterpillars in the aetiology of EAFL 
in her PhD studies. The results of her studies are contained within her PhD thesis.  
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2.1 Scope of the review 
 
Investigating the aetiology of abortions is important for assessing the breeding status of 
mares, preventing further abortions, and maintaining economic viability of breeding 
programs.  Embryonic loss, foetal abortion, and neonatal compromise can result from either 
non-infectious or infectious causes (Jonker, 2004).  Non-infectious causes of early foetal 
loss or abortion can be of maternal origin including malnutrition, stress, endocrine 
imbalance, generalized illness and decreasing fertility with age and parity (Vanroose et al., 
2000; Jonker, 2004).    Genetic abnormalities in the foetus and placental dysfunction (twins) 
can result in embryo death, foetal loss or foetal deformities leading to perinatal death 
(Jonker, 2004).  Infectious causes of abortion can originate in the mare’s uterus (ascending 
infection due to a compromised cervix or insemination) or haematogenously (bacteria, 
viruses, spirochaetes) causing fever and/or prostaglandin release which can significantly 
affect embryo or foetus survival (Vanroose et al., 2000; Jonker, 2004).   
 
Abortion in horses on a large scale or “storm” can induce industry panic and significant 
economic loss for owners and breeders (Elia et al., 2006).  In many instances the aetiology 
of abortions can be determined but when the aetiology is unknown and the pathology unique 
it can be very difficult to determine the initiating factor or factors (Whitwell, 2011).  In order 
to investigate abortions occurring in pregnant mares, a full understanding of gestational 
changes in the foetus and infectious agents and other factors causing abortion is required.  
These and other aspects of reproduction in the mare are described and discussed in the 
following review.   
2.2 Placentation and general anatomy of the mare reproductive tract 
 
2.2.1 The endometrium 
The endometrium of the ovulating mare is a deeply folded mucosal surface consisting of 
ciliated cells, secretory cells with apical microvilli and endometrial gland openings diffusely 
spread throughout the ridges and troughs along the surface (Souza et al., 2014).  Changes 
to the surface during early pregnancy include a slow flattening of the folds, decreased 
presence of ciliated cells from day 35 of gestation to absence at day 62 days, and formation 
of microcaruncles around glandular openings (Souza et al., 2014).  Pathologic changes of 
the endometrium can lead to structural changes including fibrosis, loss of ciliated cells, and 
loss of the integrity of the mucosal barrier (Lu and Morresey, 2006).  These structural 
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changes may be a cause of decreasing fertility, early embryonic loss or inability to carry the 
foal to term (Snider et al., 2011).  The age of the mare, parity, presence of inflammation, 
conformation of the reproductive tract, and degree of angiosis and endometrosis may play 
a role in poor reproductive performance of the mare (Snider et al., 2011).  The chorionic 
surface of a pregnant mare’s placenta can be a marker for her endometrial health  
(Morresey, 2011).   
 
2.2.2 Placentation and the allantochorion 
 
The placenta of the horse is a unique structure in which the entire allantochorion attaches 
to the endometrial surface (diffuse) with the development of a maternal caruncle and foetal 
cotyledon for nutrient and waste exchange (microcotyledonary) (Morresey, 2011).  When 
the placenta is shed post-partum there is no loss of maternal tissue (non-deciduate) but 
instead a phase of uterine involution which involves an intense inflammatory reaction within 
the mare’s endometrium (Morresey, 2011; Gomes-Cuetara et al., 1995).  
 
Fertilised embryos enter the uterus from the oviduct between 144 and 156 hours after 
ovulation (Battut et al., 1998).   The equine embryo moves about the uterine lumen propelled 
by strong contractions of the myometrium until day 17 post ovulation when a sudden 
increase in uterine tone fixes the embryo at the base of one of the uterine horns (Allen and 
Wilsher, 2009).  Development of what will eventually become the placenta begins on day 21 
with an outpouching of the embryo hind gut as the allantoic membrane (Allen, 2000). Growth 
is rapid until final fusion with the outer chorion to become the allantochorion which by day 
46 completely replaces the yolk sac (Figure 2.01) (Allen, 2000). 
 
The chorionic girdle forms between days 25 and 35 on the outer surface of the chorion with 
invasion of the endometrium by binucleate trophoblast cells between days 36 and 38 to form 
the endometrial cups (Allen, 2000).  The endometrial cups are composed of large binucleate 
epithelioid-type cells intermingled with blood vessels and reach their maximal size by day 
60-70 of gestation (Allen, 2000).   Lymphocytes, plasma cells, macrophages and eosinophils 
surround, invade and destroy the foetal trophoblast cells with the ensuing necrotic material 
being sloughed off the surface of the endometrium between days 100-120 (Allen, 2000).  
The sloughed material occasionally indents the allantochorion eventually forming a 
32 
 
pendulous allantochorionic pouch which can be seen in term membranes (Whitwell and 
Jeffcott, 1975; Allen, 2000).   
 
 
 
 
 
Figure 2.01 Detail of the foetal membrane development at day 50 showing the presence of the receding yolk 
sac within the umbilicus and the fusion of the allantois to the chorion. (From Ginther, 1998) 
 
 
Attachment of the embryo to the epithelial cells of the endometrium occurs around day 40 
by the microvilli of the allantochorion trophoblast epithelium (Allen, 2000).  The interdigitation 
of the trophoblast epithelium microvilli with the endometrial epithelial microvilli forms the 
microcotyledans (Figure 2.02) (Allen, 2000).  Blood vessels at the base of these 
trophoblastic layers on both the maternal and foetal sides allow maximal area for exchange 
of nutrients and waste products (Allen, 2000).  
 
“A molecule passing from the maternal to foetal blood requires transport across maternal 
endothelium, uterine epithelium, trophoblast and foetal endothelium” (Wooding and Fowden, 
2006).  Maternal blood flows in the opposite direction to the foetal blood increasing transfer 
efficiency (Figure 2.03) (Wooding and Fowden, 2006). The trophoblastic epithelium is 
pseudostratified in the spaces between the microcotyledans to allow maximal absorption of 
the protein-rich secretions of the uterine glands (Allen, 2000).  The uterine gland openings 
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lay in small areas between the microcotyledans with the secreted products slightly lifting the 
chorion from the underlying endometrium (Steven and Samuel, 1975).   
 
 
Figure 2.02 Diagram of the equine placenta showing the structure of the microcotyledons (From Steven and 
Samuel, 1975). 
 
By 100 days, the microcotyledans continue to develop and the microvilli of the epithelial cells 
are shorter and thicker with more irregularities and branching (Samuel et al.,1976). By 121 
days, the microcotyledons are globular with wide bases on the foetal side and narrow apices 
on the maternal side (Abd-Elnaeim et al., 2006).  The placenta is well established by mid-
gestation (170days) and continues to expand at the placental interface as the foetus grows 
(Allen, 2000). By 170 days, microcotyledans have clearly separated into primary, secondary 
and terminal villi (Abd-Elnaeim et al., 2006).  The trophoblast and uterine luminal epithelium 
have both decreased in height and this combined with the increased capillary diameter of 
the foetal capillaries decreases the interhaemal distance further (Abd-Elnaeim et al., 2006).  
Microcotyledons at 180-197 days consist of 4-5 stem villi each dividing into 6-8 intermediate 
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villi which are further subdivided into 4-5 terminal villi (Abd-Elnaeim et al., 2003).   A single 
artery supplies the microcotyledon dividing into 4-5 stem arteries then further splitting into 
 
 
Figure 2.03   Diagram representing the diffusion pathways across the placenta of the mare in the last 3 
months of gestation.   Oxygen may be transferred to foetal blood with minimal uptake by intervening tissue.  
(A) Direct pathway from maternal to foetal capillary; (B) parallel pathways to foetal placental tissue (from 
Samuel et al., 1976). 
 
6-8 smaller arterial branches depending on the number of intermediate villi (Figure 2.03) 
(Abd-Elnaeim et al., 2003).  Drainage is achieved via multiple small stem veins joining into 
2-3 microcotyledonary veins which then join the allantochorionic veins.  Two maternal 
arteries supply the microcaruncle flowing in a maternofoetal direction before dividing into 2-
4 arterioles (Abd-Elnaeim et al., 2003).  These arterioles almost immediately become a 
honeycomb like network of capillaries along the orifice, sides, and base of the microcaruncle 
(Abd-Elnaeim et al., 2003).  Towards the base these capillaries become flattened and 
enlarged joining up into venules before finally converging to form a large microcarunclular 
vein (Abd-Elnaeim et al., 2003).  
 
By day 200, the foetal vessels have become very closely associated with the basement 
membrane of the trophoblast and significantly indent the epithelium until they are 
surrounded on three sides by trophoblast cells (Figure 2.04) (Samuel et al., 1976).  By day  
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Figure 2.03.  Schematic drawing of the mare microplacentome with the supplying arterial and venous vessels 
on both foetal and maternal side. Foetal microcotyledonary artery (FA), foetal microcotyledonary vein (FV), 
maternal microcaruncular artery (MA), maternal microcaruncular vein (MV), and capillary complex (C. 
complex). The arrows show the direction of blood flow in the foetal and maternal vessels. (Abd-Elnaeim et 
al., 2003) 
 
 
Figure 2.04. Light micrograph of a terminal villus showing a single arterial capillary limb (ac) extending to the 
top of the terminal villus and 4 venous capillary limbs (vc) appearing in the axial periphery. The foetal 
capillaries (fc) partly indent the trophoblast cells (T). The uterine epithelium (U) is thin and connected to the 
trophoblast cells through interdigitating microvilli (arrowhead) (Abd-Elnaeim et al., 2003). 
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300, degenerative changes are evident in the maternal epithelium and are most obvious in 
the regions of the microcotyledon (Samuel et al., 1976).  The size of the trophoblast and 
uterine luminal epithelial cells does not change significantly over the last third of pregnancy 
(Abd-Elnaeim et al., 2006). 
 
Any amount of decreased contact between the fetomaternal interface may result in stunting, 
weakness, early embryonic death or late term abortion (Allen, 2000).  Mare age and parity 
have been found to significantly influence the development of the microcotyledons and 
therefore the total area of fetomaternal contact attained (Wilsher and Allen, 2003).  Chronic 
degenerative endometritis (endometrosis) is characterised by the presence of glandular 
degenerative changes, gland nests and cysts, in addition to varying degrees of diffuse and 
periglandular stromal fibrosis (Ricketts, 1978).  Endometrosis also has a significant effect 
on placental development in the mare (Wilsher and Allen, 2003).  The placentas of mares 
with endometrial biopsy classifications of endometrosis showed delayed development and 
reduced numbers of microcotyledons between days 80 and 160 of gestation which 
decreases the surface contact between the foetus and maternal surfaces (Bracher et al., 
1996).  Foetuses of these mares exhibited lower weights than foetuses of normal mares at 
the same gestation stage suggesting endometrosis can lead to foetal growth retardation 
(Bracher et al., 1996).  The other obvious condition leading to decreased placental contact 
with the endometrium is twinning where placental competition leads to insufficiency and a 
high rate of abortion in mares (Jeffcott and Whitwell, 1973; Bracher et al., 1996).   
 
2.2.3  Allantois 
 
The allantois arises from the ventral aspect of the embryo around day 20 of gestation (Van 
Niekerk and Allen, 1975).    By day 28, the allantois has surrounded the amnion and fuses 
with the both the chorion and amnion creating the allantochorion and allantoamnion 
(Whitwell and Jeffcott, 1975).   The ultimate function of the allantois is to vascularise the 
chorion for exchange of nutrients and waste as well as functioning as an extension of the 
bladder to store renal excretions (McGeady et al., 2006).  There are 8-15 litres of allantoic 
fluid at term, usually turbid and yellow brown in colour with 1 or more allantoic calculi 
(hippomanes) within the fluid (Whitwell and Jeffcott, 1975).  Allantoic fluid is mainly foetal 
urine and due to its close association with the placenta may reflect changes in placental 
function (Paccamonti, 2005). 
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2.2.4  Extra-embryonic Coelom (EEC) 
 
A basement membrane forms under the allantoic endoderm and an exocoelom-like space 
develops between this basement membrane and the connective tissue surrounding the 
allantoic blood vessels in the embryo (Enders and Liu, 2000). The allantoic endoderm, 
basement membrane and mesothelium are separated from the connective tissue that 
surrounds the allantoic blood vessels with only occasional fibroblast processes crossing the 
exocoelom-like space connecting the two sides of the space (Enders and Liu, 2000).  Low 
numbers of macrophages with large vacuoles are present in this extracoelomic space similar 
to the Hofbauer cells associated with connective tissue free spaces in human foetal villi 
(Enders and Liu, 2000).  The extracoelomic space is diminished between days 51-90 leaving 
only limited gaps around the larger allantoic vessels as the placenta develops (Enders and 
Liu, 2000).  This extracoelomic space may allow for movement of the membranes during 
growth and uterine contractions (Enders and Liu, 2000).   
 
2.2.5   Umbilical cord 
 
“The umbilical cord of the equine foetus develops from an expansion of the two foetal sacs 
around the remnants of the yolk sac and vitelline duct and anchors the foetus to the 
implantation site on the dorsal wall of the uterus” (Whitwell, 1975).  The amniotic portion 
contains two arteries, one vein, and the urachus which connects the foetal bladder to the 
allantoic cavity (Whitwell, 1975).  Dilations of the urachus up to 6cm can be normal from 
variable twisting of the cord causing compression on the urachus (Whitwell, 1975).  The 
allantoic portion contains two arteries, two veins, and the infundibulum (a remnant of the 
EEC) (Whitwell, 1975).  The infundibulum contains the remnant of the yolk sac with a smooth 
lining and either ends blindly at the amnion or can communicate directly with the amniotic 
extra-embryonic coelom remnant (Whitwell and Jeffcott, 1975).  The average length of the 
umbilical cord in one study ranged from 36-83cm (n=143) with an average of 55cm in 
Thoroughbred horses (Whitwell 1975). Normal findings include areas of hyperplastic 
nodules of epidermal tissue at the junction of the foal’s navel and pale deposits of epidermal 
debris, squamous epithelial cells, hairs, and meconium with subsequent invasion of these 
deposits by macrophages and capillaries from the amniotic epithelium (Whitwell, 1975).    
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2.2.6  Amnion  
 
The amnion is derived from the inner somatopleure membrane of the embryo and forms the 
inner sac which surrounds the foetus (McGeady et al., 2006).  It is freely moveable and 
attached only at the umbilical cord (Whitwell and Jeffcott, 1975).  Amniotic fluid is primarily 
from the respiratory and gastrointestinal systems of the foetus and plays a protective role 
for the developing foetus (Paccamonti, 2005; McGeady et al., 2006).  The amount is scant 
early in gestation increasing to equal the allantoic fluid by mid-gestation (Figure 2.05) 
(McGeady et al., 2006).  There are 3-5 litres of fluid within the amniotic cavity by term, usually 
clear, with hairs and shed material from the foal’s hooves (Whitwell and Jeffcott, 1975).  A 
remnant of the EEC is often present in normal amnion from the umbilical cord attachment 
extending away from the cord for a variable distance (Whitwell and Jeffcott, 1975).  
2.3  Normal placental membranes 
 
Equine placentas are often inverted at birth with the shiny smooth allantoic surface 
outermost (Figure 2.06) (Schlafer, 2011).  The chorionic surface on the inside usually has a 
velvety red appearance and must be inverted to be examined (Schlafer, 2011).  The 
placental membranes of the term foal can be laid out in a reversed “F” with the pregnant 
horn (PH) the uppermost arm and the non-pregnant horn (NPH) below and usually smaller 
although it can be as long as or longer than the PH about 24% of the time (Whitwell and 
Jeffcott, 1975). The tip of the PH often shows local oedema which occasionally extends 
down the ventral surface of the PH and across the body (Whitwell and Jeffcott, 1975).  This 
may be due to some impairment of venous drainage of the ventral surface of the uterus 
following separation of the placental membranes at this point (Whitwell and Jeffcott, 1975; 
Oikawa et al., 1990).  Histologically these areas show distension of the extra-embryonic 
coelom, poor villus and capillary development, squamous metaplasia of trophoblasts with 
parakeratosis, and focal areas of necrosis and haemorrhage at the villous tips thought to 
have been caused by placental hypoxia and ischemia (Oikawa et al., 1990). 
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Figure 2.05   Changes 
in foetal and uterine 
relationships. (A) 
Mobile foetus, 
transient uterine 
constriction, and 
shifts in allantoic fluid. 
(B) Foetus finds 
cranial presentation 
while confined to the 
uterine body by 
closed horns. (C) Hind 
limbs encased in a 
uterine horn; 
placental membranes 
are close to the limbs 
and are not shown. 
(Ginther, 1998) 
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Figure 2.06   Normal allantochorion, amnion, and umbilical cord with mild diffuse surface haemorrhage and 
blood stained surface.  
 
 
 
Figure 2.07. Variations in the vascular pattern of the allantochorion a,c  = Type  I;  b,d  = Type  II;  e  = Type  
III. (K. Whitwell; Rossdale and Ricketts, 2002) 
 
Vascular patterns of umbilical cord attachment to the allantochorion are illustrated in Figure 
2.07 with type I the most common (Rossdale and Ricketts, 2002).  Within the allantochorion 
there are five areas on the chorionic surface in which villi are absent; 1.cervical pole, 2. ostia 
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(fallopian tube openings near the tip of each horn),  3. endometrial cup sites (one or multiple 
small pedunculated allantochorionic pouches arranged in a circle near the area of cord 
attachment), 4. yolk sac attachment (near the umbilical cord attachment), and 5. placental 
folds (curved bands of avillous chorion over the large allantoic vessels) (Whitwell and 
Jeffcott, 1975). The cervical pole of the chorion corresponds to the opening of the cervix 
with a star-shaped configuration radiating 3-12cm from a small avillous plaque which is often 
torn during parturition due to foal expulsion through this area (Whitwell and Jeffcott, 1975).    
 
The hind feet of the foetus can press against the placenta and uterine wall in the gravid horn 
during late gestation causing focal chronic degeneration (Figure 2.05) (Whitwell, 2005).  
Grossly this can be seen as focal oedema and short chorionic villi and histologically as 
degeneration, mineralization and squamous metaplasia of the trophoblast (Schlafer, 2011).   
The amnion should be a translucent membrane with a fine vascular system radiating from 
the attachment of the umbilical cord (Figure 2.06) (Figure 2.08). (Whitwell and Jeffcott, 1975) 
Surface haemorrhage may be present following normal parturition (Figure 2.06).  Amniotic 
plaques are focal areas of squamous metaplasia which can be variable in size scattered 
over the surface of the amnion and amniotic surface of the umbilical cord. (Whitwell and 
Jeffcott, 1975; Schlafer, 2011).  These areas are often infiltrated by macrophages with 
capillary proliferation originating from the amniotic surface (Whitwell and Jeffcott, 1975).  
 
 
 
Figure 2.08   Normal histological appearance of the equine amnion with single cuboidal epithelium on the 
allantoic surface and flattened amniotic epithelium.   
Allantoic 
Amniotic 
Extraembryonic  
Coelom 
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2.4 Inflammation and pregnancy 
 
Inflammation has been found to be an initiating factor in preterm labour in humans and non-
human primates (Macpherson, 2005).  In general, the acute inflammatory response is 
initiated by cellular injury, often epithelium, caused by endogenous or exogenous 
mechanisms (Ackermann, 2007).   Endogenous mechanisms are generally those which 
cause an autoimmune reaction whereas activation of exogenous mechanisms is generally 
by infectious agents, foreign material, traumatic injury, chemical substances or ischemia 
(Ackermann, 2007).  The most common cause of inflammation during pregnancy is 
infectious organisms and the severity of inflammation can depend on the agent and route of 
infection (ascending vs non-ascending) (Ackermann, 2007).  The endometrium-
allantochorion interface is generally the site of pathology regardless of the route of infection 
and innate immunity (the non-specific defence against microorganisms) plays a large role in 
responding to microbial invasion (Turner et al., 2012).   Leukocytes, stromal and endothelial 
cells of the mucosa, as well as epithelial cells are all involved in the detection and defence 
against infectious agents and use pattern recognition receptors to detect the presence of 
pathogens (Turner et al., 2012).   These pattern recognition receptors are on the surface or 
within cells and when activated can induce the production of inflammatory mediators like 
cytokines, chemokines, and prostaglandins (Turner et al., 2012).    
 
2.4.1 Cytokines 
 
Cytokines are small proteins produced by one cell to bind and communicate to another cell 
and stimulate a functional change in the target cell (Day and Schultz, 2011).   Cytokine 
signalling can be important in immune system activation, pro-inflammatory mediators and in 
modulating CNS development in the foetus (Pasca and Penn, 2010; Day and Schultz, 2011).  
Macrophages in mammalian tissues have been found to secrete cytokines in the form of 
Interleukins 1 (IL-1), 6 (IL-6), 8 (IL-8), 10 (IL-10), 12, (IL-12), and 18 (IL-18) as well as 
Tumour necrosis factor alpha (TNF-α) (Murtaugh and Foss, 2002).  These cytokines play a 
role in chemotaxis, leucocyte activation, fever, and increased vascular permeability as part 
of the acute inflammatory response (Ackermann, 2007).  In humans, microorganisms 
invading foetal membranes stimulate release of pro-inflammatory cytokines from 
macrophages (Hofbauer cells) and the decidua (Macpherson, 2005; Hauguel-de Mouzon 
and Guerre-Millo, 2006).     Increased levels of IL-6 and IL-8 also occur in the allantoic fluid 
of mares inoculated with intrauterine bacteria (LeBlanc et al., 2012).  Production of cytokines 
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is thought to occur in cells  within the allantochorion (trophoblast epithelium, macrophages) 
but may also occur in dermal skin cells as shown in experiments with foetal sheep directly 
exposed to lipopolysaccharide via intra-amniotic inoculation with a resulting rise of IL-1β, IL-
8, and TNF-α (Kemp et al., 2011).  
 
2.4.2 Prostaglandin 
 
Prostaglandin production along with production of pro-inflammatory cytokines, chemokines, 
vascular endothelial growth factor and matrix metalloproteinases all contribute to the 
degradation of human foetal membranes in cases of intra-amnionic infection causing 
premature parturition (Kemp et al., 2011).  In addition, the release of prostaglandins E2 
(PGE2) and F2α (PGF-2α) from the endometrium in humans causes uterine contractions 
which can lead to abortion or preterm birth (Macpherson, 2005).  As with humans, 
prostaglandin release in the mare may also stimulate an accelerated maturation of the 
hypothalamic-pituitary-adrenal axis in the equine foetus as was demonstrated by the birth 
of small yet viable foals born prematurely to mares with experimentally induced ascending 
placentitis (LeBlanc, 2004).  
 
2.5 Lesions of placental inflammation 
 
Most placental pathology can be categorised by the reaction patterns designed to support 
the developing foetus or protect the dam by aborting the foetus (Redline, 2008).  
Inflammatory responses can develop at the feto-maternal interface where organisms have 
entered the uterine environment causing ischaemic processes which release mediators and 
subsequently stimulate the innate inflammatory response (Redline, 2008).  Common 
histologic features of an inflamed allantochorion include oedema, vascular congestion, 
tissue necrosis, inflammatory cell exudation, neovascularization, fibrosis, and reactive 
hyperplasia of the allantoic epithelium (Schlafer, 2005).   
 
2.5.1  Oedema 
 
Haemorrhage and oedema in placental tissues can be caused by the alteration of 
endothelial cell permeability as a result of endothelial cell damage or cell death (apoptosis 
or necrosis) (Schlafer, 2003).  Oedema may reflect a change in intravascular pressure of 
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the placental vasculature and/or hypoxic damage to capillaries (Salafia, 2008).  The 
endophytic fungus Neotyphodium coenophialumis is a prime example with the production of 
ergot alkaloids in Tall Fescue (Lolium arundinaceum) causing vasoconstriction and 
producing considerable placental oedema in affected mares (fescue toxicosis) (Haschek 
and Voss, 2012).  Increased vascular permeability is also one of the first signs of 
inflammation allowing leakage of protein-rich fluid, fibrinogen conversion to fibrin, and 
diapedesis or migration of leucocytes into the affected tissues (Ackermann, 2007).  Severe 
tissue oedema can lead to placental separation (Schlafer, 2003). 
 
Fluid accumulation in the extra-embryonic coelom (EEC) and marked oedema of the 
allantochorion have been found in foals with flexural limb deformities (Wilsher et al., 2013).  
Changes in fluid balance within the placental membranes due to issues with cellular water 
translocation, decreased foetal movements, or inability of the blood vessels to expand with 
the growing placenta may have attributed to the excess fluid accumulation (Wilsher et al., 
2013).     
 
2.5.2   Inflammatory cell exudation  
 
Macrophages within tissues and perivascular mast cells release leucocyte chemoattractants 
in response to an inflammatory insult (Ackermann, 2007).  Neutrophils are generally the first 
cellular responder and are a marker for histological chorioamnionitis in humans when found 
in the subchorionic space of the placenta, the umbilical cord, and the chorioamnionic 
membranes (Holst et al., 2007).  In horses, acute inflammation caused by microorganisms  
cause  neutrophil infiltration while more chronic infections are associated with macrophage 
and lymphocytic infiltration (Schlafer, 2005).   
 
Inflammatory cell infiltration in the intervillous or chorionic regions of the allantochorion are 
a reflection of intrauterine inflammation or a breech in the integrity of the endometrial-
chorionic interface (Whitwell, 2005).  Lesions affecting the non-villous chorionic structures 
are often related to problems within the allantoic cavity and allantochorion vasculature 
(Whitwell, 2005).   
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2.5.3   Thrombosis, vasculitis, and infarction 
 
Placental lesions leading to the obstruction of human foetal circulation include thrombosis, 
mechanical obstruction, and vessel wall damage (Redline, 2008).  Thrombosis can be 
triggered by a hypercoaguable state in the foetus but also can occur secondary to circulatory 
stasis due to umbilical cord compression/obstruction or vasculitis (Redline, 2008). In human 
chorioamnionitis, bacteria and bacterial toxins induce the production of proinflammatory 
cytokines (IL-1β, TNFα) which stimulates the margination and migration of neutrophils 
during acute inflammation (Salafia, 2008; Flores-Herrerra et al., 2012).    Endothelial cells 
can be directly damaged by these pro-inflammatory cytokines as well as activating 
neutrophils which can lead to endothelial cell apoptosis and increased vascular permeability  
(Cuhacovich, 2002).  Endothelial damage by TNFα was suggested as the cause of the 
vascular luminal platelet adhesion, thrombosis, and infarction in the placenta of sheep 
aborting from experimental chlamydial infection (Buxton, 2002).   
 
Thrombosis and hypoxia are likely underlying causes of ischaemic necrosis of the cervical 
pole of the allantochorion in horses possibly due to long cord length (Foote et al., 2012).  
This usually results in a freshly aborted foetus, which may be growth retarded (placental 
lesions are very extensive), and with lesions consistent with acute hypoxia due to abrupt 
placental separation (Foote et al., 2012).  Secondary ascending bacterial placentitis may 
also be present (Smith et al., 2003). 
 
2.5.4   Mineralization 
 
Scattered mineralization of the villous tips of the chorion in horses can be a common finding 
in placentas submitted for necropsy.  Mineralization of the placenta commonly occurs in 
many animal species from around mid-gestation onwards (Schlafer, 2007).   However, 
widespread mineralization of the vasculature of the allantochorion can be seen in conditions 
of hypoxia as with umbilical cord compression (Williams, 2002).   These lesions differ from 
the intimal asteroid bodies frequently found in the small arteries of the equine 
gastrointestinal tract and the spontaneous vascular mineralization seen in the brain of 
horses (Yanei et al., 1995; Martinez et al., 2012).  Mineralization due to hypoxia or 
inflammation may be caused by the decreased integrity of damaged endothelial cell 
membranes allowing extracellular calcium to enter cells and combine with phosphate to 
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produce the vascular endothelial mineralization seen with cervical pole infarcts and umbilical 
cord compression (Poggi et al., 2001).  This is a form of dystrophic mineralization, not 
associated with a disturbance of calcium homeostasis within the foetus (Brounts et al., 
2005).  
 
2.5.5   Allantoic adenomatous epithelial hyperplasia 
 
Adenomatous epithelial hyperplasia is considered to be a reactive proliferative lesion 
secondary to chronic placental disorders in association with other placental lesions (Hong 
et al., 1993c).   The lesion is most commonly associated with chronic or chronic-active 
placentitis secondary to an infectious cause including nocardioform bacteria, E. coli, 
Aspergillus spp., Leptospirosis, Pseudomonas spp., Streptococcus spp., Staphylococcus 
spp., Coliforms, and Enterobacter spp. (Hong et al., 1993c; Shivaprasad et al., 1994).  The 
adenomatous lesion is divided into three stages as described by Hong et al., (1993c) based 
on the gross and histologic appearance.  Stage 1 consists of mild hypertrophy and 
hyperplasia of the allantoic epithelium with scattered intracytoplasmic vacuoles and 
intraepithelial gland formation. Stage 2 includes the changes of stage 1 in addition to 
thickened reactive allantoic stroma containing groups of glandular structures. Stage 3 
changes are visible grossly as nodular masses on the allantoic surface of the allantochorion 
consisting of glands and cysts of variable sizes within the allantoic stroma lined by flat, low, 
or medium columnar epithelium. The glandular structures could be empty, contain 
amorphous proteinaceous material, squamous epithelial cells, or neutrophils (Hong et al., 
1993c).  Neutrophils are also present diffusely infiltrating the allantoic stroma (Hong et al., 
1993c).  
 
2.6   Patterns of placental inflammation 
 
Inflammation of the placenta or placentitis can have serious consequences for the foetus 
and it can present in a number of forms depending on the route of infection.  Most cases of 
placentitis have lesions which either diffuse, focal, or focally extensive (Swerczek, 2006).  
Placentitis can involve all areas of the foetal membranes or individual regions such as the 
chorion and subvillous chorionic stroma (chorionitis), EEC and allantois (allantoitis), amnion 
(amnionitis) and/or umbilical cord (funisitis).   Clinical signs of placentitis in the mare can 
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range from absent to a vaginal discharge (scanty to copius) although discharge in the 
posterior genital tract does not always equate to a placentitis (Whitwell, 1988).   
 
2.6.1  Chorionitis 
 
In humans, 30-40% of preterm births are associated with sub-clinical intrauterine infections 
which can cause stimulation of the immune system and inflammatory responses, vascular 
pathology, stress and uterine over-distension leading to the onset of preterm parturition 
(Than et al., 2007).  Chorionitis that develops by extension of infection from the endometrium 
may produce a focal or diffuse lesion pattern (Schlafer, 2005).  Haematogenous infections 
can also cause a diffuse pattern of chorionitis as seen with diffuse multiple small foci of 
placentitis due to Leptospirosis infection (Whitwell, 1988; 2011).  Lesions in the chorion can 
be caused by the utero-placental effects of viral, bacterial or fungal endometrial infection, 
local or generalised separations of the villi from the endometrium (ischaemia, fluid dynamic 
disorders), villus maldevelopment at sites of endometrial compromise (abscess), congenital 
or acquired (endometrosis) defects, and twinning (Whitwell, 2005). 
 
Focal ascending chorionitis    Focal ascending bacterial infections gain access to the 
chorion at the cervical os producing a prominent, severe, subacute to chronic, necro-
suppurative inflammation (Schlafer, 2005).  Extension of the inflammation into the allantois 
may depend on time and the organism involved (Hong et al., 1993a).  Grossly, the cervical 
star region can have a leathery brown, granular appearance and bacteria involved are most 
commonly commensals of the mare’s urogenital tract (LeBlanc, 2010).  
 
Focally extensive chorionitis    Focally extensive chorionitis usually does not involve the 
cervical star region and is most frequently found at the base of the horns although lesions 
can be found anywhere on the allantochorion (Schlafer, 2005).   Frequently, there is a thick 
mucoid covering over the lesion (focal mucoid placentitis) and a reactive or inflammatory 
extension to the underlying allantois depending on the organism involved (Hong et al, 
1993a).  This pattern of inflammation has been described in Kentucky, Newmarket, France, 
and Australia in association with a range of bacterial organisms (Gibson et al., 1982; 
Whitwell, 1988; Williams et al., 2005; Chopin et al., 2010; Laugier, 2011). 
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Endometrial abscess          Endometrial abscesses are rare but may evoke a focal 
chorionitis at the fetomaternal interface (Whitwell, 2011). The breeding history of the mare 
as well as any uterine culture results and endometrial biopsy history/results can be used to 
assess this condition (Whitwell, 2011).  
 
Maternal Villous infarcts   In humans, the total occlusion of one or more maternal 
arteries leads to infarction of a portion of the villous tree of the chorion causing local collapse 
of the intervillous space and villous trophoblast necrosis (Redline, 2008).  Endometrial 
infarcts causing focal chorionitis are rare in the mare but have been reported (Whitwell, 
2011).  
 
2.6.2  Allantoitis 
 
Pathology involving the non-villous chorion and allantoic surface of the allantochorion are 
often related to severe transmural chorionitis or situations affecting the allantoic cavity or 
vascular structures (vasculitis, vascular mineralization) (Whitwell, 2005).  Allantoic 
adenomatous epithelial hyperplasia is likely a reactive response to chronic inflammation 
involving the villous and subvillous chorion (Hong et al., 1993c; Shivaprasad et al., 1994). 
 
2.6.3 Funisitis  
 
Inflammation of the umbilical cord (funisitis) is uncommon and usually a result of infection 
or large amounts of meconium within the amniotic cavity in conjunction with inflammation in 
other foetal membranes (Whitwell, 1975). Funisitis is defined in human studies as 
recognizable neutrophils infiltrating the wall of one or more umbilical vessels, however in 
equine foetuses, funisitis is more typically a reaction on the superficial surface of the 
umbilical cord (Sebastian et al., 2005).  Necrotizing funisitis has been associated with foetal 
pneumonia, neonatal sepsis, meningitis, peritonitis, and omphalitis in humans (Naccasha et 
al., 2001) and leptospirosis in horses (Sebastian et al., 2005). In one study of experimentally 
induced ascending bacterial placentitis, funisitis was present in 19 of 36 mares (53%) 
(Calderwood Mays et al., 2005).   
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2.6.4 Amnionitis 
 
Inflammation within the amnion can be caused by an extension of diffuse and focal 
placentitis (Whitwell, 2005).  Localised amnionitis was found in 10 of 36 mares (33%) 
experimentally infected with Streptococcus equi ssp. zooepidemicus (Calderwood Mays et 
al., 2005).  Inflammatory changes in the amnion are often localized to the area around the 
umbilical cord suggesting involvement of the EEC (Whitwell, 1988).  “Gross lesions can 
include congestion, petechiation, excessive tortuosity of vessels, oedema, opacity, pallor, 
granularity, nodules, and adhesion of debris” (Whitwell, 1988).   Perforation of an ischaemic 
lesion, overdistension, puncture by a foetal appendage or severe trauma to the mare can 
cause rupture of the amnion which can lead to necrosis, foetal pneumonia, ischaemic loss 
of appendages and abortion (Whitwell, 2004; 2005).   
 
2.7 Effect of Inflammation on the Foetus 
 
Aborted foetuses can have a range of lesions or complete lack of lesions depending on the 
cause of the abortion and involvement of the allantochorion (Whitwell, 1988).  Foetal sepsis 
can occur with acute placentitis or in association with chronic placentitis just prior to in-utero 
death (Whitwell, 1988).  Culture of foetal lung aspirates and stomach contents can isolate 
the causative organism as these areas are a reflection of the agents in the amniotic fluid 
inhaled/aspirated by the foetus in utero (Whitwell, 1988).  Bacteria can be found in the 
equine foetal lung, nasal passage, sinuses, and GI tract within 40 hours after reaching the 
amniotic cavity (Ryan et al., 2005).   
 
Inflammatory lung changes and foetal pneumonia may or may not be present depending on 
the mechanism of inflammation (Whitwell, 1988).  Experimental studies in foetal sheep 
undergoing intra-amniotic injections of lipopolysaccharide (LPS) and IL-1 with resulting 
amnionitis showed neutrophil presence within the foetal lungs within 12 hours, increased 
numbers of alveolar macrophages within 4 days and structural changes to a more mature 
lung over the following weeks (Gantert et al., 2010). These experiments suggest that pro-
inflammatory stimuli, provoked by endotoxin within the amnion, can cause the foetus to 
mount an inflammatory response which leads to earlier lung maturation (Gantert et al., 
2010).  This may be the case with inflammation that is limited to the allantochorion but with 
extension of infective organisms to the amniotic fluid the response may be more active with 
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infiltration of neutrophils into the membranes and amniotic fluid.  Aspiration of leukocytes 
and microbes by the foetus into the lungs may incite a variable inflammatory response.   
 
Inflammatory foci in the liver are evident in later gestational foetuses resulting from 
haematogenous spread of organisms to foetus via the umbilical vein (Whitwell, 1988).  
Granulomas, giant cells and occasional organisms can be seen histologically including 
fungal hyphae (Whitwell, 1988).  Giant cell hepatopathy has been seen with Leptospirosis 
and Bartonella henselae infection in aborted foetuses but is considered a non-specific 
change in response to foetal hepatic injury of various aetiologies (Johnson et al., 2009).  
 
Thymic lymphoid depletion can be found in some foetuses with acute and chronic placentitis 
suggesting foetal stress (Whitwell, 1988).  Elevations in foetal cortisol levels as a response 
to increased proinflammatory cytokines has thought to lead to increased prostaglandin 
levels and myometrial contractions (Lyle, 2014).  It is unknown if elevations in foetal cortisol 
can lead to lymphoid depletion.  In some abortions, lymphoid depletion can range from mild 
to severe and resembling thymic atrophy (Whitwell, 1988).    
 
Foetal diarrhoea is considered a marker of foetal stress and may be a consequence of 
placentitis and uterine infection (Hong et al., 1993b).  Lesions can include coating of the 
entire amnion and allantoic surface of the allantochorion with liquefied meconium and brown 
staining of the foetal skin (Hong et al., 1993b).  Variable inflammation of the amnion, 
allantois, and umbilical cord can be present microscopically as well as amnion nodosum 
(Hong et al., 1993b).  
 
Carpal flexion deformities can be seen in some foetuses or live foals with chronic placentitis 
from a variety of aetiologies but the exact mechanism is unclear (Whitwell, 1988). 
 
2.8   Specific causes of placentitis or abortion in horses 
 
This review focuses primarily on the infectious causes of placentitis and abortion and the 
microbiology and histopathology associated with those causes. A brief overview of non-
infectious causes is detailed below and further information on these and the toxicological 
causes can be derived from the literature cited.   
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2.8.1   Non-infectious 
 
Toxic  Many aspects of placental development and function are susceptible to toxic 
insults which can result in significant alterations and reproductive dysfunction (Schlafer, 
2003).  Toxins can directly  induce apoptotic cell death in maternal and foetal tissues, alter 
of cell to cell adhesion, act as endocrine disruptors, have vasoactive effects on either the 
maternal or foetal cardiovascular system, alter placental homeostasis or cause loss of 
immune modulation enabling maternal rejection of the foetus (Schlafer, 2003).   A variety 
plants, insects, fungi, and medications can all have toxic effects on the placenta and 
developing foetus of animals with a number of factors influencing the effects of the toxin 
including dose, presence of enzyme systems allowing transport across the placenta, and 
stage of pregnancy (Schlafer, 2003; Haschek et al., 2010). Maternal susceptibility to a toxin 
can lead to conditions such as anaemia, endocrine imbalance, nutritional deficits, and 
decreased uterine blood flow which can have an indirect effect on the foetus (Schlafer, 
2003).   
 
Direct placental toxicity can lead to placental insufficiency in the form of reduced size, 
reduced blood flow, altered nutritional and waste transport, and altered metabolism 
(Poppenga, 2003).  This occurs with fescue toxicosis caused by the ergopeptine alkaloids 
produced by Neotyphodium coenophialum (Haschek and Voss, 2012).  The vasoconstrictive 
effects of ergovaline (placental oedema), decreased prolactin concentrations (agalactia), 
and depression of progesterone production (prolonged gestation) have a considerable effect 
on the foetus and the mare (high membrane retention rate) (Haschek and Voss, 2012).  
Abortion can also be a sequela to toxin exposure of the dam primarily due to plant ingestion 
as seen in pine needle ingestion in cattle, lupinosis in sheep, hybrid sudan grass ingestion 
by horses and locoweed ingestion by a number of animal species (Haschek et al., 2010).   
 
Umbilical cord lesions  Umbilical cord lesions in human pregnancies leading to 
compression include excessive cord length, torsion, excessive coiling, or decrease in 
Wharton’s jelly (Redline, 2008).  “Histologic findings consistent with compression include 
numerous small foci of degenerating or avascular villi, dilation and early thrombosis of major 
chorionic vessels at the cord insertion site, and pressure related intimal fibrin cushions in 
large foetal veins (Redline, 2008).   In horses the causes are similar; long cord length and 
excessive cord twisting (Figure 2.09)(Fraser, 2007).  Grossly, these can manifest as 
“aneurysms, tearing of the intima of vessels, haemorrhage, thrombosis of vessels, blanched 
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constricted areas, local oedema and urachal dilatations (Williams, 2002; Frazer, 2003b, 
2007).”   In one case study the principle change histologically was calcified material in the 
vasculature of the allantochorion (Williams, 2002).   
  
Figure 2.09.  Umbilical cord of the horse. (a) Umbilical cord twist in situ; and (b) untwisted showing blanching 
and vascular distension.  
 
Body pregnancy  Body pregnancy is uncommon but occurs when the foetus and foetal 
fluids do not extend into the uterine horns despite normal implantation (Foote et al., 2012).  
Villous atrophy and mineralization of the chorion occurs in the narrowed horns of the 
allantochorion and the area of the body is wider than normal (DiGrassie et al., 2000).  A long 
umbilical cord and cervical pole ischaemic lesions are present in some cases (Whitwell, 
2004).  Mid to late term abortion is thought to occur as a result of placental insufficiency 
(DiGrassie et al., 2000).  Foetal growth retardation and tendon contracture may be present 
in term foals (Whitwell, 2004).   
 
Twins  The incidence of twinning in horses has decreased with the use of routine 
ultrasound examinations during breeding (Jeffcott and Whitwell, 1973; Foote et al., 2012). 
Twin pregnancies significantly reduce the functional placental surface area available to the 
foetuses generally causing the death of one foetus and growth restriction in the other (Foote 
et al., 2012).  In the majority of twin pregnancies, one foetus occupies most of one horn and 
the body while the other occupies the other horn and remaining small amount of the body 
(Jeffcott and Whitwell, 1973).  There is a sharply demarcated avillous area where the two 
chorions meet with variable hyperaemia, oedema, and fibrin deposition between the 
membranes (Jeffcott and Whitwell, 1973).   
 
Hydrops  Excessive accumulation of fluid in the foetal membranes can occur in the 
allantoic and amniotic cavities of the equine foetus causing spontaneous abortion in mid or 
late term (Waelchli, 2011).  The underlying aetiology of both conditions remains unknown 
a b 
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but dysfunction of the placenta due to structural or functional changes may be the cause 
(Waelchli, 2011).  The placenta in hydrallantois may be normal or oedematous with 
adenomatous epithelial hyperplasia but inflammation is rarely present (Waelchli, 2011).  
Suggested causes of hydroamnion include a genetic component, lack of foetal swallowing, 
or congenital abnormalities (Waelchli, 2011).   
 
Neoplasia Neoplasia involving the placenta or foetus in the horse is rare with only a few 
reports in the literature.  Benign cutaneous papillomas, lymphoma, hepatoblastoma, 
pleuropulmonary blastoma, rhabdomyoma, and congential hamartomas have been 
documented in the foetus while placental teratoma, teratocarcinoma, and choriocarcinoma 
have been reported to occur in the allantochorion (Foote et al., 2012).   
 
Maternal factors Transient episodes of maternal starvation and hypoxia may have 
effects on foetal metabolic and endocrine pathways leading to a decrease in foetal insulin 
and thyroxine, increase in foetal cortisol and prostaglandin levels, and resulting in restricted  
foetal growth (Whitwell, 2004; Bucca, 2006).  Pregnant mares with colic may have a negative 
outcome to the pregnancy depending on the stage of gestation, age of the mare and duration 
of the colic prior to treatment or surgery (Drumm et al., 2013).   Congenital uterine 
abnormalities and chronic endometrosis may affect the ability of a mare to carry a foal to 
term (Wilsher and Allen, 2003; Whitwell, 2004) 
 
2.8.2 Abortion of unknown cause 
 
Causes cannot be found in a significant proportion of abortions, stillbirths or neonatal deaths 
in many studies. This may be due to the lack of submission of part or most of the aborted 
foetus and membranes, poor condition of the tissues, or peracute nature of the disease 
process.   In Michigan, over a twelve year period (1985-1996), and Kentucky, prior to 2001 
in the United States, the causes of abortions were inconclusive in 32.7% and 16.9% cases, 
respectively (Tengelsen et al., 1997; Giles et al., 1993).  Similarly, in a Hungarian study, 
30% of abortions remained undetermined and in Italy over 5 years, 35.9% of cases were 
not given a diagnosis (Szeredi et al., 2008; Marenzoni et al., 2012).  In France, over a 24 
year period, a cause of abortion was not established in 25.1% of cases submitted for 
necropsy (Laugier, 2011).  In a Newmarket study, only 7.7% of cases over 11 years were 
without a diagnosis and in Australia over a 5 year period, only 4% of cases were not able to 
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be given a final diagnosis (Smith et al., 2003; Butt and Carrick, 2010). The variation may be 
due to geographic location, husbandry, breeds of horses and the specimens (both type and 
quality) submitted for necropsy.  
 
2.8.3   Infectious causes according to route of exposure 
 
In many parts of the world, foetal sepsis and placentitis due to infectious organisms account 
for a large percentage of abortions in the horse industry.  Surveys of equine abortion from 
different horse breeding regions of the world have delineated both common and uncommon 
causes of infectious gestational failure. Surveys in Kentucky and Michegan (USA), 
Normandy (France) and the Hunter Valley (Australia) found fetoplacental infection to be the 
highest cause of pregnancy failure (Giles et al., 1993; Tengelsen et al., 1997; Laugier et al., 
2011; Butt and Carrick, 2010).  However in Newmarket (United Kingdom), umbilical cord 
pathology including torsion and long cord/cervical pole ischaemia disorder was the primary 
cause of equine abortion (Smith et al., 2003).  It is unknown if these differences in prevalence 
of infectious abortion are related to husbandry practices, breeding stock, and/or 
geographical location. 
 
Ascending Infections 
 
Potentially pathogenic bacterial organisms can be introduced into the mare’s uterus during 
natural breeding, artificial insemination, during and after parturition, during veterinary 
examination or from a failure of physical barriers to infection (Frontoso et al., 2008).  
Anatomical defects in the reproductive tract such as pneumovagina, vestibule-vaginal reflux, 
or cervical fibrosis, tears, or adhesions can predispose mares to pre-breeding uterine 
infections and ascending placentitis (LeBlanc, 2010).  Access to the uterus via the vagina 
and breech of the cervix during pregnancy may allow a variety of bacteria including 
commensals of the vaginal vault to colonize and infect the chorion at the cervical star region 
(LeBlanc, 2010).    
 
Bacterial 
 
Acinetobacter spp have been rarely associated with equine placentitis and subsequent 
abortion.  A case report from Australia involving isolation of Acinetobacter calcoaceticus (a 
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member of the Acinetobacter baumannii complex) from the chorion and peritoneum of the 
foetus described an irregular area of necrosis on the chorion adjacent to the cervical pole 
extending across the body (Gibson and Eaves, 1981).  In addition to acute necrotizing 
placentitis, the foetus exhibited an acute fibrinous peritonitis with splenic follicular and lymph 
node karyorrhexis and non-suppurative hepatitis (Gibson and Eaves, 1981). Infection was 
thought to originate via the cervix with extension to the foetus through the umbilical vein 
(Gibson and Eaves, 1981).   Acinetobacter spp. is occasionally found in mares with or 
without clinical signs of endometritis but with a history of infertility (Darenius, 1992; Ricketts, 
2011). 
 
Dermatophilus congolensis was reported in a case of focal cervical pole placentitis 
resulting in a mid-term abortion in a mare (Sebastian et al., 2008b).   A 20-25cm pale grey 
lesion originated around the cervical pole and extended into the body of the allantochorion 
(Sebastian et al., 2008b).  In addition, the allantoic segment of the umbilical cord was 
diffusely yellow and there were multiple 1-2cm white foci across the surface of the foetal 
lungs (Sebastian et al., 2008b).  Histologically in the cervical pole region there was diffuse 
necrosis of the villi with haemorrhage in the EEC and expansion of the subvillous chorion 
by mixed inflammatory cells (Sebastian et al., 2008b).  D. congolensis organisms were 
present within the allantochorion lesion, within the surface of the allantoic umbilical cord 
along with diffuse funisitis (Sebastian et al., 2008b). Lung lesions within the foetus consisted 
of bronchiolar necrosis with multinucleated giant cells, D. congolensis organisms within the 
alveolar spaces, and mononuclear interstitial infiltrate (Sebastian et al., 2008b).   The 
specific lesion around the cervical pole strongly suggested an ascending infection which 
likely originated from the environment due to exposure and colonization by D. congolensis 
of the external genitalia of the mare via rubbing (pruritus) or insect contact (ticks, flies) 
(Sebastian et al., 2008b).  
 
Escherichia coli is the second most common isolate from pre-breeding uterine swabs and 
can produce slightly different lesions when involved in an ascending placentitis infection 
(Riddle and LeBlanc, 2007; Ricketts, 2011; Hong et al., 1993a).  Late gestation 
abortions/stillbirths involving E. coli involve prominent cervical star oedema and thickening 
with a white mucoid surface exudate (Hong et al., 1993a).  Necrosis of the chorionic villi, 
transmural infiltration of the allantochorion by neutrophils, obliteration of the EEC and 
adenomatous hyperplasia of the allantoic epithelium can also be present with E. coli 
associated placentitis (Hong et al., 1993a).   
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A report from Australia detailed placentitis and abortions associated with Pantoea 
(Enterobacter) agglomerans in 17 cases over 2 years (Gibson et al., 1982; Gavini et al., 
1989).  Lesions in the allantochorion were often confined to the cervical star and extended 
into the body with thickening and large amounts of thick white granular purulent material 
closely adhered to the surface (Gibson et al., 1982).  Histologically there was chorionic 
villous necrosis, heavy neutrophil infiltration, and squamous metaplasia of the trophoblast 
epithelium (Gibson et al., 1982).  The lungs frequently had a bronchointerstitial pneumonia 
with multinucleated giant cells and there was sporadic involvement of the liver (acute 
periportal hepatitis), spleen, and thymus (lymphoid depletion) (Gibson et al., 1982).   The 
lesions in both the allantochorion and foetus were typical for ascending infections involving 
other infectious opportunistic organisms (Gibson et al., 1982).  
 
Late term abortions in horses have been recorded with isolation of Salmonella abortusequi 
(Madíc et al., 1997). In humans, Salmonella virchow related foetal infections has been 
secondary to maternal sepsis inciting villitis with intervillous thrombi, focal perivillous and 
villous inflammation and/or chorioamnionitis (Coughlin et al., 2003; Schloesser et al., 2004).  
However; in a case report involving an outbreak in horses, infection was thought to be due 
to changes in environment and feed causing hormonal imbalance and cervical softening 
thus permitting ascending infection through the reproductive tract (Madíc et al., 1997). 
Chorionic lesions were described as multifocal coin sized brown necrotic foci with a rim of 
erythema and oedema (Madíc et al., 1997).  Histologically, villi within the necrotic foci were 
blunted with transmural oedema, haemorrhage, infiltration by neutrophils and heavy 
colonization by bacilli with only non-specific lesions in the foetus (Madíc et al., 1997).   
 
Streptococcus equi subsp zooepidemicus is the most frequent organism associated with 
ascending placentitis and has characteristic lesions around the cervical star region with 
discoloration and thickening (Le Blanc, 2004). This correlates with the high frequency of 
isolation of this organism from pre-breeding uterine swabs along with other beta-haemolytic 
Streptococci (Riddle et al., 2007; Ricketts, 2011).  Histologically there is necrosis of the 
chorionic villi, infiltration of neutrophils in the chorion, and the presence of bacterial colonies 
within the necrotic surface material (Hong et al., 1993a).  There is often obliteration of the 
EEC but more chronic changes like allantoic epithelial hyperplasia are usually absent (Hong 
et al., 1993a).  Additional Streptococci isolated from equine abortions include 
Streptococcus dysgalactiae subsp. equisimilis, α-haemolytic Streptococcus spp., 
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and Streptococcus spp. not identified to species level (Giles et al., 1993; Tengelsen et al., 
1997; Smith et al., 2003) 
 
Other bacteria associated with cases of ascending placentitis include Campylobacter spp., 
Corynebacteria spp., Klebsiella spp., Mannheimia (Pasteurella) haemolytica, 
Micrococcus spp., Pseudomonas spp., Serratia marcesens, Staphylococcus aureus, 
and Staphylococcus xylosus (Webb et al., 1976; Giles et al., 1993; Tengelsen et al., 1997; 
Jores et al., 2004).  
 
Fungal  
 
The incidence of fungi in mare reproductive swabs is generally low, but when present 
Aspergillus spp. is one of the most common fungi isolated in many areas of the world 
(Albihn et al., 2003; Rickets, 2011; Beltaire et al., 2012).  This low incidence is reflected in 
the relatively uncommon association of fungi ( Aspergillus spp., Mucor spp., and Absidia 
spp.) with equine placentitis and/or abortions (1.2% of abortions in Michegan, 1.7% in 
Kentucky, 1.8% in France and 1.4% in Newmarket)(Giles et al., 1993; Tengelson et al., 
1997; Laugier et al., 2011; Smith et al., 2003; Whitwell, 1988).   Abortions involving these 
species are usually late in gestation with a thick leathery appearance to the cervical star 
(Hong et al., 1993a; Swerczek and Dennis, 2006b).  There may be a thick adherent mucoid 
covering or the surface will appear more chronic with a brown discolouration (Hong et al., 
1993a; Swerczek and Dennis, 2006b).  Both the chorionic and allantoic surfaces are 
generally involved with extensive necrosis of the villi, expansion of the chorionic and 
allantoic stroma with mixed inflammatory cells resulting in obliteration of the EEC and 
varying degrees of allantoic adenomatous hyperplasia (Hong et al., 1993a).  Fungal hyphae 
are often present within the superficial necrotic debris and are primarily limited to the chorion 
rarely reaching the foetal stomach and lung (Hong et al., 1993a; Whitwell, 1988).  
Involvement of the amnion occurs occasionally with Mucor spp. but not usually with other 
fungi (Swerczek and Dennis, 2006b).   
 
Zygomycetes sp. was associated with an abortion in Hungary with lesions similar to those 
caused by Aspergillus spp. (Szeredi et al., 2008).  Additional fungal organisms reported in 
association with cases of equine placentitis or abortion include Acholeplasma sp., 
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Bipolaris specifera, Pseudallescheria (Allescheria) boydii, Rhizormucor pusillus and 
Thermomyces lanugino (Swerczek and Dennis, 2006; Whitwell, 2011).   
 
Candida spp. are rarely isolated in conjunction with placentitis or abortion, in agreement 
with the low incidence of this organism in mare reproductive swabs (Hong et al., 1993a; 
Whitwell, 1988; Albihn et al., 2003; Rickets, 2011; Beltaire et al, 2012).  A recent case 
description of Candida  (Meyerozyma) guilliermondii described changes in the placenta 
similar to other mycotic placental lesions with a thick, brown, gritty covering of the chorionic 
surface centred mainly around the cervical star region (Stefanetti et al., 2014).  Yeast were 
present in the necrotic superficial debris but absent in the foetal tissues (Stefanetti et al., 
2014).    Candida spp. in general cause superficial necrosis of the villi with an underlying, 
primarily mononuclear, inflammatory infiltrate composed of lymphocytes, plasma cells, and 
macrophages within the chorionic stroma (Hong et al., 1993a; Stefanetti et al., 2014).  Foetal 
lesions range from absent to consisting of a mononuclear alveolar interstitial infiltrate in the 
lung and periportal regions of the liver (Hong et al., 1993a; Stefanetti et al., 2014).   
 
Another rare cause of fungal abortion in the mare is Coccidioides immitis.  Reported cases 
appear to be limited to California in the United States but likely could occur in any area where 
the organism is endemic (Stoltz et al., 1994; Higgins et al., 2007).  Time of abortion can 
range from 150 days to near term and organisms can generally be isolated from the 
placental lesion as well as the foetus (Stoltz et al., 1994; Higgins et al., 2007).  The gross 
placental lesion can range from oedematous with mottling to the characteristic thick leathery 
appearance of the cervical star area suggesting ascending infection (Stoltz et al., 1994).  In 
one case report the spherules and endospores were present within the chorionic stroma and 
perivascular areas along with multifocal areas of necrosis, mineralization, and thrombosis 
with extension to the foetal lung and liver (Stoltz et al., 1994).  In contrast, the histological 
description for the cervical star lesion was similar to other ascending infections with a 
combination of necrosis and mononuclear cell infiltrates including macrophages and 
multinucleated giant cells without extension of the organism or inflammation to the foetus 
(Stoltz et al., 1994).  Generally mares aborting due to C. immitis are otherwise healthy and 
the route of transmission is thought to be ascending due to the low antibody titres to the 
organism, inability of the organism to cross the placental barrier due to spherule size (40-70 
µm), and survivability of the mare post abortion (Higgins et al., 2007).   
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Non-ascending Infections  
 
Lesions on the allantochorion which do not involve the cervical pole are thought to be 
maternally derived from the endometrium or haematogenous in origin (Givens and Marley, 
2008).   Non-ascending placentitis was defined in a study from France as characterized by 
“focal or multifocal placentitis lesions on the placental body, the horns or base of the horns 
excluding the cervical star” and accounted for as many as 33.2% of the cases caused by 
infectious organisms in that survey (Laugier et al., 2011).    Phagocytosis by the trophoblast 
epithelium of infectious organisms may play some role in the translocation of infectious 
agents from the mare to the foetal membranes but the exact mechanism is not described in 
many cases (Infernuso et al., 2005). 
 
Bacterial 
 
Bartonella henselae has been associated with a mid-term abortion in a mare with foetal 
lesions of multifocal sub-acute to chronic vasculitis most apparent in the liver and kidneys, 
but also in the spleen, lungs, adrenal gland, brain, heart, pancreas, and ovary (Johnson et 
al., 2009).   The placenta was only partially presented but also had lesions of vasculitis 
(Johnson et al., 2009).  Perivascular infiltrates were composed of lymphocytes, 
macrophages, and neutrophils with colonies of short to spirillar rods present in necrotic 
areas and within vessels (Johnson et al., 2009).  Hepatocytes formed irregular cords and 
varied in size with occasional large multinucleated cells similar to giant-cell hepatopathy 
(see Leptospirosis below) (Johnson et al., 2009).   B. henselae was confirmed using 
polymerase chain reaction (PCR) assays amplifying the conserved 16S rRNA gene 
sequences after all other causes of abortion were ruled out (Johnson et al., 2009).  
Transplacental transmission with foetal death has been previously detailed in mice 
associated with Bartonella birtlesii infection but not with B. henselae (Johnson et al., 2009). 
The ability of Bartonella spp. to translocate across the placenta may be due to recently 
described virulence factors of Bartonella adhesion A which allows adhesion to the host 
extracellular matrix and VirB/VirD4 type IV secretion system which permits protein 
translocation by the bacterium into the host endothelial cell (Franz and Kempf, 2011).     
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Spiral organisms identified with 16S rRNA  as homologous with Borrelia parkeri and 
Borrelia turicatae in the tick-borne relapsing fever (TBRF) spirochete group were isolated 
from lesions in the allantochorion and foetus of a late-gestation abortion from a mare (Walker 
et al., 2002).   The chorion of the pregnant horn was thickened and the allantoic surface had 
rare focal haemorrhages (Walker et al., 2002).  Histologic lesions in the allantochorion 
included “multifocal, dense aggregates of neutrophils in its base stroma, segmental 
squamous metaplasia of trophoblastic epithelium, and multifocal infiltration of villous stroma 
by mononuclear leucocytes (Walker et al., 2002).”  Scattered areas of necrosis and 
mononuclear inflammation were present in the liver and leptomeninges of the brain with 
perivascular cuffing (Walker et al., 2002).  Spiral organisms, 10-15 µm long, were identified 
using silver (Parker modification of Steiner) stained sections of placenta (trophoblast 
epithelium and chorionic stroma), liver, kidneys (renal cortex) and brain (Walker et al., 2002).  
TBRF Borrelia species in Africa can cause high perinatal mortality in humans and in this 
case, spirochetemia in the mare may have resulted in transplacental transmission ultimately 
causing abortion (Walker et al., 2002).  
 
Using immunohistochemistry, PCR, and/or modified Ziehl-Neelsen (MZN) staining, 
Chlamydiophyla psittaci was found solely within the trophoblast epithelium of the 
allantochorion in 64 of 77 equine abortions (83.7%) over 3 years in Hungary (Szeredi et al., 
2005). Of those cases only 14% could be definitively attributed to C. psittici with an 
accompanying lympho-histiocytic placentitis or, in one case, with a suppurative placentitis 
(Szeredi et al., 2005).   The foetus from that case also had mild interstitial pneumonia with 
perivasculitis and multifocal necrotizing hepatitis (Szeredi et al., 2008).  The majority of 
cases with positive results for C. psittici also had another co-existing infectious condition 
(viral, bacterial, protozoal, or fungal) which were thought to be the primary cause of the 
abortion or a definitive cause for the abortion could not be found (minimal histological 
change)(Szeredi et al., 2005).   It is unclear if the co-infection with C. psittici contributed to 
the abortion caused by other organisms (Szeredi et al., 2005).  The source of infection was 
thought to be exposure to wild birds with subsequent spread via contact with herd mates 
(Szeredi et al., 2005).    
 
Coxiella burnetii DNA was detected in 1.5% of foetuses, stillbirths, or foals with perinatal 
death by PCR over a 3 year period with coexisting histological lesions of bacterial infection, 
placental insufficiency, and anoxia (Leon et al., 2012).  Coxiella burnetii is an obligate 
intracellular bacterium which has been associated with a low incidence of abortion in sheep, 
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goats, cattle, and humans but not known as a primary cause of abortion in horses (Angelakis 
and Raoult, 2010; Leon et al., 2012).  In the French study, it was not clear if the presence of 
C. burnetii DNA was a contributing factor to foetal death in conjunction with the other 
organisms or just simply contamination or opportunistic infection of the foetal membranes 
(Angelakis and Raoult, 2010; Leon et al., 2012).  Lesions in the foetuses or foetal 
membranes were not described in the equine cases where the C. burnetii DNA was detected 
however in sheep there is usually a necrotizing placentitis with an abundant amount of grey-
brown exudate and large numbers of organisms within the trophoblast epithelium (Zeman 
et al., 1989).  The route of exposure in affected species is known to be inhalation with 
localization of the organism in the uterus and mammary glands of the infected animals (Leon 
et al., 2012).   
 
Leptospirosis is an uncommon cause of late term abortion with cases in Kentucky 
(Donahue et al., 1995; Sebastian et al., 2005), Newmarket (Whitwell et al., 2008), Northern 
Ireland (Ellis and O’Brien, 1988), Ontario (Wilkie et al., 1988) and Hungary (Szeredi et al., 
2008).  Leptospira interrogans serogroup Pomona type serovar kennewicki is the most 
common serovar involved in equine abortion in the United States (Donahue et al., 1995). 
Transplacental infection is thought to occur similar to human infections with Treponema 
pallidum subsp. pallidum, the causative agent of congenital syphilis (Sebastian et al., 2005).  
Leptospira organisms are able attach and invade a range of host cells, including epithelial 
cells, by a number of surface-exposed proteins or secretory proteins causing pore formation 
in the cell (Faisal et al., 2012).  These organisms only transiently reside within these cells 
as they translocate (Faisal et al., 2012).   
 
Leptospiral related lesions in the allantochorion of aborting mares can range from none to 
patchy mucoid exudates on the chorion with allantoic cystic hyperplasia and oedema 
(Swerczek, 2006; Szeredi and Haake, 2006; Hong et al., 1993c).  Histologically, there can 
be vasculitis with thrombosis and infarction along with oedema, mixed inflammatory cellular 
infiltration, necrosis and mineralization of the villi (Swerczek, 2006; Szeredi and Haake, 
2006; Timoney et al., 2011).  Funisitis has been described in one case of Leptospiral 
abortion where the entire cord was yellow and thickened with irregular raised brown-yellow 
lesions on the chorionic surface, small microcysts on the allantoic surface, and turbid, 
thickened, brown amniotic fluid (Sebastian et al., 2005).   Microscopically, the surface of the 
umbilical cord was covered by a thick exudate of nondegenerate neutrophils intermingled 
with fibrin (Sebastian et al., 2005).    In some cases, giant cell hepatitis of the foetus has 
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been described with “dissociation of hepatocytes, disruption of hepatic cords and numerous 
large, multinucleated hepatocytes “(Wilkie et al., 1988).  In human cases it is thought that 
hepatocyte giant cell formation may be a generalized response of foetal hepatocytes to 
injury by a number of infectious agents (Car and Anderson, 1988).  This may also be the 
case in horses as two additional reports detail foetal hepatocyte giant cell formation where 
either the causative agent(s) could not be found or the abortion was caused by Bartonella 
henselae (Car and Anderson, 1988; Johnson et al., 2009).   
 
Neorickettsia risticii is the causative agent of Potomac Horse Fever and has been rarely 
documented as a cause of abortion in pregnant mares (Long et al., 1995; Coffman et al., 
2008).   Abortion occurs a few months after clinical recovery in the mare without obvious 
placental lesions (Coffman et al., 2008).  Lymphohistiocytic enterocolitis, lymphoid 
hyperplasia with necrosis in the mesenteric lymph nodes and spleen, myocarditis, periportal 
hepatitis, and colitis in the foetus is highly suggestive for N. risticii (Long et al., 1995; 
Coffman et al., 2008). The presence of foetal colitis has led to speculation of this organism’s 
role in foetal diarrhoea in countries where this disease is endemic (Coffman et al., 2008). 
 
Rhodococcus equi has been rarely associated with abortion, placentitis and foetal 
pneumonia in cases from the USA and Hungary (Fitzgerald and Yamini, 1995; Patterson-
Kane et al., 2002; Szeredi et al., 2006).  Diffuse placentitis was present over the body and 
both horns in the only case with submitted membranes consisting of expansion of the 
chorionic stroma by a mixed inflammatory infiltrate of macrophages, neutrophils, and 
lymphocytes (Patterson-Kane et al., 2002).  Acute amnionitis was also described with low 
numbers of neutrophils and macrophages within the membrane (Patterson-Kane et al., 
2002).  Pyogranulomatous pneumonia with activated macrophages containing intracellular 
coccobacilli was described in all cases involving R. equi with multinucleated giant cells a 
feature in one case from the USA and both from Hungary (Fitzgerald and Yamini, 1995; 
Patterson-Kane et al., 2002; Szeredi et al., 2006).   The organism was isolated from both 
the stomach contents and lung of the foetuses but not from the vaginal or nasal swabs of 
the mares in Hungary (Fitzgerald and Yamini, 1995; Patterson-Kane et al., 2002; Szeredi et 
al., 2006).     Foetal infection was thought to have occurred from swallowing colonized 
amniotic fluid secondary to haematogenous spread from the dam due to the rarity of isolation 
of the organisms from vaginal or pre-breeding swabs and the distribution of lesions within 
the placenta and lungs (Fitzgerald and Yamini, 1995; Patterson-Kane et al., 2002; Szeredi 
et al., 2006). 
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Fungal 
 
Haematogenous infection via the endometrium was thought to be the route of infection for 
an abortion caused by Histoplasma capsulatum with multifocal granulomatous placentitis 
including multinucleated giant cells (Hong et al., 1993a).  Other reports of H. capsulatum 
abortions are rare, however in one case H. capsulatum was responsible for the perinatal 
death of a newborn foal with multiple suppurative foci containing round 2-3 µm yeasts within 
in the kidney (Giles et al., 1993; Szeredi et al., 2008).  
 
Viral 
 
Equine herpesvirus 1 (EHV-1) can cause sporadic or “storms” of abortions worldwide 
(Giles et al., 1993; Hong et al., 1993a; Tengelsen et al., 1997; Smith et al., 2003; Szeredi et 
al., 2008; Butt and Carrick, 2010; Bażanów et al., 2014).   The virus initially infects the mare 
via the respiratory tract with a subsequent viremia allowing infection of the endometrial 
vascular endothelial cells at the base of the microcotyledans (Lunn et al., 2009).  The 
resulting vasculitis and microcotyledonary infarction enables the virus to cross the placental 
barrier and infect the foetus (Lunn et al., 2009).  Rarely, the virus related uterine thrombosis 
and infarction gives rise to wholesale premature placental separation with occasional 
endometrial sloughing and foetal expulsion before the foetal tissues become infected (Smith 
et al., 2004).  
 
Foetuses are usually aborted from mid to late gestation due to an increased susceptibility of 
the uterine endothelial cells to the virus during this period (Bażanów et al., 2014).  Foals 
may be stillborn after sudden expulsion and are often still within the amniotic sac (Bażanów 
et al., 2014).  Grossly the placenta may be normal or be slightly oedematous and the foetus 
may have pulmonary oedema, petechiae, subcutaneous oedema and/or excess pleural and 
abdominal fluid (Donaldson, 2003).   Occasionally, pinpoint grey lesions may be present in 
the liver (Donaldson, 2003).    Histologically within the lung, thymus, liver, spleen, and 
adrenal glands there are multiple foci of necrosis with an inconsistent presence of the 
characteristic eosinophilic intranuclear inclusion bodies within epithelial or mononuclear 
cells at the periphery of the lesions (Williams, 2012).   EHV-4 may occasionally cause 
abortion but not to the degree of EHV-1 (Donaldson, 2003).   
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Equine viral arteritis (EVA) is an influenza-like disease of horses caused by a RNA virus 
in the family Arteriviridae (Del Piero, 2000).  The virus enters the mare via the respiratory 
system and ultimately localizes within the vasculature causing necrosis of the tunica media 
and vasculitis in many organs including the uterus (Del Piero, 2000).  Subsequent 
myometritis and endometrial ischaemia is thought culminate in placental detachment and 
the sudden abortion.  The foetus, which may be fresh or autolysed within the foetal 
membranes, has minimal histological lesions consisting of absent or mild perivascular 
lymphocytic infiltrate and mild interstitial pneumonia (Del Piero, 2000).  Occasionally, 
vascular lesions may be more severe and involve the allantochorion, brain, liver, spleen, 
and lung (Del Piero, 2000).  Placentitis is not observed unless there is coexisting bacterial 
infection (Szeredi et al., 2008).  
 
Protozoal 
 
Encephalitozoon cuniculi was reported as a cause of placentitis and late-term abortion in 
2 Quarter-horse mares and foetal nephritis in a still-born Clydesdale foal (Van Rensberg et 
al., 1991; Patterson-Kane et al., 2003).  In one of the Quarter horse cases, there were 
multifocal patches of yellow, viscous exudate over the chorionic surfaces of the body and 
both horns of the allantochorion (Patterson-Kane et al, 2003).  Histologically, necrotic debris 
was present over the surface with occasional obliteration of the chorionic villi and multifocal 
expansion of the lamina propria of the villi by macrophages, neutrophils, lymphocytes and 
plasma cells (Patterson-Kane et al., 2003).   Within both desquamated and intact trophoblast 
epithelial cells there were solitary intracytoplasmic vacuoles containing 20-40 elongate, 
nucleated, Gram-positive organisms, 1-2 µm in size (Patterson-Kane et al, 2003; Szeredi et 
al, 2008).  Synovial inflammation was present in the same case without detection of 
infectious organisms while in another case, inflammation was limited to the kidneys with 
detection of E. cuniculi (Van Rensberg et al., 1991;Patterson-Kane et al, 2003).    Infection 
of the mare via ingestion or inhalation of spores from material contaminated by a carrier 
animal was suspected as the pathogenesis (Patterson-Kane et al, 2003).  Presence of 
spores in the trophoblast epithelium may be due to migration of infected leucocytes to the 
uterus with extension to the chorionic surface via the uterine fluid, endometrial epithelial 
cells, or migrating macrophages (Patterson-Kane et al, 2003).     
 
Neospora spp is rarely described as a primary cause of abortion in horses.  Tachyzoites of 
Neospora caninum were found in the lungs of a late-term aborted foetus within 
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macrophages, alveolar epithelium, and parenchyma (Dubey and Porterfield, 1990).  It is 
unknown if these tachyzoites were N. caninum or the later described Neospora hughesi 
which parasitizes horses as antibodies to these organisms cross react in serological tests 
(Marsh et al., 1998; Gondim et al., 2009; Dubey and Schares, 2011).  Surveys of testing for 
the prevalence of Neospora spp. in aborting mares or aborted foetuses and stillborn foals 
measuring antibodies by indirect fluorescent antibody test (IFAT) or enzyme linked 
immunosorbent assay (ELISA) or protozoal DNA by PCR, have found a low prevalence of 
positive samples generally coexisting with other causes of abortion (Pitel et al., 2003; 
Villalobos et al., 2006; Kligler et al., 2007; Veronesi et al., 2008).  These surveys do not 
differentiate between N. caninum and N. hughesi but seropositivity was higher in aborting 
mares than the general population in many of the studies (Pitel et al., 2003; Villalobos et al., 
2006; Kligler et al., 2007; Veronesi et al., 2008).   PCR testing using specific primers for the 
DNA of each species or an ELISA specific for the rNcSAG1 surface antigen of N. hughesi 
are the only way to definitively differentiate between infection/seropositivity with N. caninum 
and N. hughesi.  (Hoane et al., 2005; Spencer et al., 2000; Gondim et al., 2009).  Without 
concurrent histologic lesions it is difficult to interpret a positive PCR result in any aborted 
equine foetus (Leon et al., 2012). 
 
Theileria equi is thought to cross the placental barrier from an infected mare to the foetus 
early in gestation when the embryo switches from embryonic nutrition to histotroph nutrition 
from about day 40 to day 150 of gestation (Allsopp et al, 2007). This results in late-gestation 
abortion in some affected foetuses or the birth of healthy foals which may be carriers 
throughout life (Allsopp et al, 2007; Wise et al., 2013). Histologically aborted foetuses have 
similar lesions as adults suffering from piroplasmosis including hepatomegaly and 
splenomegaly (Allsopp et al, 2007).  Abortions due to T. equi account for 11% of abortions 
in South Africa but is not considered endemic in Australia (Wise et al., 2013).   
 
Route unknown 
 
The route of infection for some causes of abortion has been a source of speculation for 
many years.  The unknown factor may be the habitat of the causative agent, the ability of 
the agent to invade the reproductive tract or foetus from several routes, or an unknown 
mediator which allows transplacental infection leading to abortion.  
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Haematogenous infection from a focus somewhere in the mare or ascending infection 
secondary to mating have been suggested for endometritis, placentitis, and abortion 
associated with Cryptococcus spp. (Ryan and Wyand, 1981; Petrites-Murphy et al., 1996).   
Cases are rare and can involve persistence of the organism within the endometrium which 
may lead to abortion during the pregnancy, in a subsequent pregnancy or foetal pneumonia 
(Ryan and Wyand, 1981; Petrites-Murphy et al., 1996).  Diffuse thickening and oedema were 
consistent features in the few descriptions of the affected allantochorion with distension of 
the stoma by a proliferation of yeast 2-20 µm in diameter having a thick mucinous capsule 
and causing minimal inflammation (Ryan and Wyand, 1981; Petrites-Murphy et al., 1996).  
Foetal lesions in one report consisted of a diffuse, severe interstitial pneumonia with 
characteristic Cryptococcal organisms within the alveoli as well as extension to the 
mediastinal lymph node with macrophages and multinucleated giant cells (Ryan and Wyand, 
1981).  In another report, Cryptococcus neoformans was isolated from the placenta of a full 
term live foal which subsequently succumbed to Cryptococcal pneumonia at one month of 
age showing histologic lesions similar to an aborted foetus (Petrites-Murphy et al., 1996).   
 
Arcanobacterium hippocoleae has been isolated from a single case of late-term stillbirth 
with placentitis where the inflammation was restricted to the allantochorion (Bemis et al., 
2008).  “The placenta contained multifocal to coalescing ecchymotic hemorrhages with 
raised tan to yellow plaques (30x30x1mm in size) present in a polar region” (Bemis et al., 
2008).  Histologically there was focal necrotizing chorionitis with a mild mixed inflammatory 
infiltrate in the allantochorion (Bemis et al., 2008). Bacteria were recovered in pure culture 
from the lung and stomach contents and in mixed culture from the allantochorion lesions 
(Bemis et al., 2008). Inflammation was not apparent within the foetus and the route of initial 
infection was unresolved (Bemis et al., 2008).  
 
Bordatella bronchiseptica has been associated with a case of a late-term abortion without 
obvious gross lesions in either the foetus or placenta with the exception of oedema (Mohan 
and Obwolo, 1991).  The organism was isolated in pure culture from the lungs, stomach 
contents and liver of the foetus and other causes of infectious abortion were ruled out 
(Mohan and Obwolo, 1991).  Bordatella spp. are known to colonize ciliated respiratory 
epithelium in a number of species and their in vitro ability to induce cytotoxicity in both 
macrophages and epithelial cells may play some role in their ability to cross the maternal-
foetal barrier (Stockbauer et al., 2003).   
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There are limited case reports involving Mycobacterium spp. associated with placentitis 
and/or abortion in horses. Mycobacterium terrae was isolated from the lung, liver and 
stomach contents of a mid-term foetus with a histiocytic bronchopneumonia involving 
multinucleated giant cells (Tasler and Hartley, 1981).  Unfortunately, the placenta was not 
available for examination (Tasler and Hartley, 1981).  Multinucleated giant cells and were 
also present in granulomas within the allantochorion, amnion, liver, lung, spleen and small 
intestine of a 160 day foetus aborted by a mare diagnosed with granulomatous colitis and 
lymphadenitis caused by Mycobacterium avium complex (Cline et al., 1991).  There was 
only a mild lymphocytic endometritis but a few of the colonic granulomas involved the 
serosal surface and there was focal aggregation of mononuclear cells within adhesions 
noted on the ovaries (Cline et al., 1991).  Speculation as to the route of infection included 
an ascending route, peritoneal or hematogenous from the granulomas in the mare (Cline et 
al., 1991).  An additional case involving Mycobacterium avium complex had gross lesions 
on the surface of the allantochorion described as a diffuse covering of “a creamy white 
homogenous material” involving the cervical star and body (Hélie and Higgens, 1996).  
Microscopically the exudate was composed of degenerate neutrophils and cellular debris 
with underlying trophoblast epithelial hyperplasia and lymphohistiocytic inflammation within 
the chorionic stroma (Hélie and Higgins, 1996). Foetal involvement was limited to a mild 
suppurative pneumonia and scattered periportal hepatic granulomas (Hélie and Higgens, 
1996).  Again multinucleated giant cell involvement was noted in the allantochorion, lung, 
and thymus with acid fast bacteria isolated only from the allantochorion (Hélie and Higgens, 
1996).   
Atypical Mycobacterium spp were isolated from 5 abortions over 4 years in another report 
with a variety of lesions similar to those described above (Bryant et al., 2007).  It is unknown 
if those cases involved a Mycobacterium species which was recently described in a case of 
placentitis and abortion, Mycobacterium Runyon group IV (Johnson et al., 2012).   In this 
case report, the foetus was aborted at 180 days gestation with a thickened pregnant horn 
and multifocal brown lesions on the body (Johnson et al., 2012).  Perivascular oedema 
manifesting in some areas as fluid filled sacculations were prominent on the allantoic surface 
of the allantochorion and umbilical cord with thickening of the amnion by diffuse oedema 
(Johnson et al., 2012).   A pure growth of Mycobacterium Runyon group IV was isolated 
from the allantochorion where organisms were observed using Ziehl-Neelsen acid-fast 
staining within the trophoblast epithelium of the pregnant horn and cervical star (Johnson et 
al., 2012).  Inflammation was only noted in the pregnant horn associated with the intracellular 
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organisms, within the amnion associated with multifocal thrombi with infarction at the 
umbilical insertion, and within the foetal liver associated with adhesions to the ventral 
abdominal wall (Johnson et al., 2012).  Multinucleated giant cells were not noted and the 
possible route of infection was unclear (Johnson et al., 2012).  
 
Mycoplasma spp had been isolated from the stomach contents and placenta of a late-term 
aborted equine foetus in Australia (Moorthy et al., 1976).  Gross lesions on the placenta 
were limited to a few 15-25cm foci of necrosis (Moorthy et al., 1976).  While well described 
in other species, limited cases of abortion in association with Mycoplasma spp. have been 
described in other countries despite the common presence of these organisms within the 
genital tract of mares suggesting an ascending route may not be the source of foetal 
infection (Tortschanoff et al., 2005).  Mycoplasma equigenitalium and Mycoplasma 
subdolum are the most common species associated with reproductive inflammation in mares 
and stallions involving Mycoplasma spp. (Tortschanoff et al., 2005).   In cattle, it is suggested 
that Mycoplasma spp. are not primary abortifacients but instead opportunistic pathogens 
which are only capable of foetal transplacental infection once the fetoplacental unit is 
disrupted by an initiating non-infectious or infectious cause (Lynch et al., 2011; Murray, 
2012).  However, in cattle, goats and fur seals the combination of inflammatory histological 
lesions in the lungs and demonstration of Mycoplasma in lung tissue by PCR without 
isolation of other infectious organisms is strongly suggestive that Mycoplasma spp can play 
a primary role in causing abortion in those species (Rodriguez et al., 1996; Lynch et al., 
2011; Murray, 2012).  It is unclear from the limited number of reported equine cases what 
role Mycoplasma spp. may play as a primary or secondary pathogen in equine abortions.   
 
Focal mucoid placentitis describes a lesion(s) characterized by a thick brown adherent 
exudate on the chorionic surface of the allantochorion which may be anywhere on the 
allantochorion but is often found at the bifurcation of the uterine horns without cervical pole 
involvement (Swerczek, 2006; Erol et al., 2012).  The initial report of focal mucoid placentitis 
in Australia isolated Cellulosimicrobium cellulans (formerly Oeskovia xanthineolytica), in 
the order Actinomycetales (Thomas and Gibson, 1982; Schumann et al., 2001).   The focal 
lesion associated with C. cellulans varied in location from the cervical star region to the more 
typical area in the body and horns (Thomas and Gibson, 1982; Bolin et al., 2004; Chopin et 
al., 2010). Later cases described in Kentucky were associated with nocardioform organisms 
and the distinctive focal lesion in the allantochorion was termed “nocardioform placentitis” 
from those cases (Bolin et al., 2004).  The nocardioform actinomycete bacteria isolated from 
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Kentucky, South Africa, and Australia include Rhodococcus rubropertinctus, Crossiella 
equi, Streptomyces spp, Amycolatopis spp, Nocardia spp, Allokutzneria spp and 
possibly Lentzea kentuckyensis (Edwards and Simpson, 1988; Volkmann et al., 2001; 
Donahue et al., 2002; Labeda et al., 2003; Cattoli et al., 2004; Labeda et al., 2007; Labeda 
et al., 2009; Chopin et al., 2010; Erol et al., 2012). Infection involving nocardioform 
organisms is limited to the allantochorion causing placental insufficiency without extension 
to the foetus (Erol et al., 2012). In Australia, a case of focal mucoid placentitis involving 
Amycolatopsis spp also had funisitis and amnionitis (Chopin et al., 2010).  
 
Additional bacterial organisms have been noted in case reports to be associated with a 
focally extensive chronic active mucoid lesion(s) on the chorionic surface similar to those 
produced by nocardioform organisms including Enterobacter spp., Enterococcus spp., 
Microbacterium spp., Pantoea (Enterobacter) agglomerans, Pseudomonas spp., and 
Staphylococcus spp. (Gibson et al., 1982; Smith et al., 2003; Williams et al., 2005; Bryant, 
2008; Erol et al., 2012; Johnson et al., 2012).    
 
A protozoa, Acanthamoeba hatchetti, was recently isolated from a focally extensive 
mucoid lesion involving the body of the allantochorion in a 6-year-old Thoroughbred mare 
(Begg et al., 2014).  The extensive chronic active inflammation was histologically similar to 
the inflammation induced by bacterial organisms with the exception of the 3-15 µm round to 
irregular amoeboid organisms within the trophoblast epithelial cells and free within the 
necrotic surface material (Begg et al., 2014).   
 
For most focal mucoid lesions, the microscopic lesions include a thick, amorphous 
eosinophilic material covering the chorionic surface with blunting or destruction of the 
underlying villi (Swerczek, 2006).  Squamous metaplasia of the trophoblastic epithelium is 
often present in chronically affected areas (Swerczek, 2006).  Lymphocytes and plasma 
cells are predominant in the inflammatory infiltrate followed by neutrophils and macrophages 
in the actively inflamed areas (Swerczek, 2006). Allantoic hyperplasia of varying severity is 
frequently described in conjunction with the primary lesion (Swerczek, 2006).  The amnion 
and umbilical cord are often congested or have non-suppurative inflammation and foetal 
lesions may be absent or widespread (Swerczek, 2006).   
 
The route of infection for focal mucoid placentitis involving any organism is unknown (Erol 
et al., 2012).  Experiments undertaken to reproduce the characteristic lesion in pregnant 
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mares by administration per os, intrauterine, intravenous, and intracervical inoculation with 
Crossiella equi failed to establish an infection leaving the route of transmission a mystery 
(Canisso et al., 2014).  Actinomycete organisms are found extensively in the soil and 
speculation as to the possibility of inhalation or dermal transmission of these organisms has 
been discussed (Erol et al., 2012). It has also been suggested that bacteria may be present 
in the non-gravid uterus in dormancy until pregnancy creates the ideal environment for 
bacterial replication and focal infection (Erol et al., 2012).   
 
Mare Reproductive Loss Syndrome (MRLS)   Over 3000 mares aborted in central 
Kentucky and southeastern Ohio in the United States beginning in late-April of 2001 and    
continuing into 2002 (Frazer, 2003a; Webb et al., 2004).  Mares aborted both in early 
gestation between 40-150 days and late gestation from 150 days to near term causing an 
economic loss estimated at $330 million USD (Webb et al., 2004).  A range of presentations 
were associated with MRLS including early foetal loss (EFL), late term abortion (LTA), 
compromised premature and full-term foals, endophthalmitis, and fibrinous pericarditis 
(Sebastian et al., 2008a).  The syndrome was termed MRLS and while the instigating cause 
of the abortions has been discovered, the pathophysiology is still a matter of speculation.  
 
In early 2001, a large number of mares previously pregnant at day 42 were found to have 
suffered EFL when scanned on day 60 of gestation (Dwyer et al., 2003).  Clinical signs of 
abortion were rare with occasional mares presenting with a serosanguinous or purulent 
vulvar discharge or foetal membranes protruding from the vulva with a foetus in the vagina 
or uterus (Riddle, 2003).  A small percentage of mares (<5%) had signs of colic, abdominal 
straining, or low grade fever 1-3 days before early foetal loss occurred (Bernard, 2004).  
When examined around 60 days gestation, the foetus was either absent, dead, present but 
with slow heart rate and decreased movements, or present in cloudy and flocculent amniotic 
fluid (Dwyer et al., 2003).  These early foetal losses represented a 21% loss; up from the 
usual 12% loss normally experienced between 40 and 60 days gestation (Dwyer et al., 
2003).   In a study involving four farms in central Kentucky, 90% of mares aborted between 
48 and 147 days gestation from a group of 288 (Morehead et al., 2002).   
 
In one veterinary practice, uterine cultures taken from mares post early foetal loss grew α-
haemolytic Streptococcus spp., β-haemolytic Streptococcus spp., Escherichia coli, 
Enterobacter cloacae, or no growth (Riddle, 2003).  Post-abortion uterine cytology revealed 
moderate to severe inflammation which is not uncommon in post-abortion mares (Riddle, 
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2003).  Aspirates from the allantoic fluid via the cervix in 3 mares with dead foetuses in utero 
grew α-haemolytic Streptococcus spp. in 2 cases and E. coli in the third (Riddle, 2003).  
Hyperechoic allantoic and amniotic fluids in mares aborting from MRLS was the most 
consistent finding with early foetal loss (Riddle, 2003).   
 
Factors associated with farms having excessive early foetal losses included greater than 50 
mares on the property, the presence of high numbers of Eastern tent caterpillars 
(Malacosoma americanum) (ETC) in pastures, waterfowl on the property, mares with 
breeding dates in February 2001 and exposure to cherry trees (Cohen et al., 2003c; Dwyer 
et al., 2003).    Feeding hay outside was the only factor associated with a lower risk of early 
foetal loss (Dwyer et al., 2003).  
  
Early foetal abortions submitted for necropsy were moderately to markedly autolyzed with 
moderate neutrophilic infiltrates in the placental membranes, amniotic and allantoic fluids 
(Sebastian et al., 2008a).  Funisitis was not observed in the early gestational aged foetuses 
and the majority of bacteria isolated were Streptococcus spp. and Actinobacillus spp. 
(Sebastian et al., 2008a).   
 
Late-term abortions (LTA) were also occurring concurrently with early foetal loss (Brown, 
2003).  Risk factors for a late term abortion were found to be hay fed in pasture, a higher 
than normal amount of clover in pasture and high numbers of ETC in pastures (Cohen et 
al., 2003a).    
 
Prior to aborting, some mares were reported to show depression, isolation in pastures, 
muscle tremors, lack of mammary development,  or episodes of colic and stiffness 
resembling acute laminitis (Byars and Seahorn, 2003).  During abortion, late gestational 
mares would often present with restlessness, discomfort and sweating followed by explosive 
attempted parturition (Byars and Seahorn, 2003).  Premature placental separation (red-bag) 
was often a feature as well as dystocia (Byars and Seahorn, 2003).  Placentas from late 
term abortions were often extremely oedematous with oedema extending along the umbilical 
cord and involving the amnion (Brown, 2003).  Ecchymotic and petechial haemorrhages 
could also be present on the surface (Brown, 2003).  The placentas of affected full term foals 
were not noted to have significant gross lesions with the exception of funisitis (Byars and 
Seahorn, 2003).   
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Preterm or full term foals were usually an appropriate size for their gestational age but often 
compromised with signs of perinatal asphyxia, dehydration, systemic inflammatory response 
syndrome or sepsis (Brown, 2003; Byars and Seahorn, 2003; Williams et al., 2003).    Blood 
cultures were generally negative but when positive the most frequent isolates were 
Streptococcus spp. and Actinobacillus spp. (Byars and Seahorn, 2003).  Grossly on 
necropsy, the lungs of foals were variably inflated and occasionally firm suggesting 
pneumonia (Williams et al., 2003).  Haemorrhages were often present on the pleura and 
heart as well as the chorionic and allantoic surfaces of the placenta (Williams et al., 2003).    
The amniotic segment of the umbilical cord was grey to yellow in colour with stromal and 
surface haemorrhages extending to the amnion while the allantoic section was frequently 
normal (Williams et al., 2003).  
 
Histologically, there was mild foetal pneumonia with aspirated squamous epithelial cells and 
low numbers of neutrophils and macrophages within the alveoli and rare multinucleated 
giant cells (Williams et al., 2003).   Bacteria were frequently present in the alveoli of the 
lungs and surface of the umbilical cord and amnion (Williams et al., 2003).   There was 
frequent loss of the surface epithelium of the umbilical cord with heavy infiltration of 
neutrophils and macrophages near the surface areas (Williams et al., 2003).   Low numbers 
of neutrophils were occasionally present in the stroma and EEC of the allantochorion 
(Williams et al., 2003).   
 
Samples collected for culture included lung, liver, stomach contents as well as placenta if 
submitted (Donahue et al., 2003).  An organism was considered significant if it occurred in 
pure or almost-pure culture in moderate or more numbers from at least two sites (Donahue 
et al., 2003).  Leptospirosis was ruled out on samples of kidney and placenta or liver by 
fluorescent antibody testing (Donahue et al., 2003).  Bacteria isolated from submitted equine 
abortions in 2001 (433 cases) and 2002 (249 cases) included:  Non-β-haemolytic 
Streptococcus spp. (50.6%), Actinobacillus spp. (13.2%), Actinobacillus spp & Non-beta-
haemolytic Streptococcus spp (1.2%), Escherichia coli (2.2%), Pantoea agglomerans 
(1.5%), Serratia marcescens (0.9%),  Aeromonas spp. (0.9%), Enterobacter spp. (0.7%), 
Acinetobacter spp. (0.6%), β-haemolytic Streptococcus spp. (0.6%), Staphylococcus spp. 
(0.6%), other coliforms (0.9%), other bacteria (1.0%), no significant bacteria (20.5%),  or 
overgrown by saprophytes (4.7%)  (Donahue et al., 2003). 
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The definition for a probable MRLS-LTA case included an abortion at greater than 269 days 
gestation, any other cause for the abortion was not found, and assigned a global 
assessment score by a clinician (Cohen et al., 2003b).   A definite case of MRLS met the 3 
criteria for a probable MRLS-LTA plus “at least 2 of the following additional elements:  
isolation of Streptococcus spp. or Actinobacillus spp. from foetal tissues, history of 
premature placental separation (ie, red-bag delivery), marked placental thickening or 
oedema, placentitis or infection of the umbilical cord, fibrinous pericardial effusion, colloidal 
distension of thyroid follicles, microscopic pulmonary lesions including squamous epithelial 
cells in the alveoli and pulmonary parenchymal infiltration with leukocytes or monocytes-
macrophages, or a lack of any tissue lesions in the foetus (Cohen et al., 2003b).”  Exposure 
to pasture was the most important risk factor for late term abortions associated with MRLS 
(Cohen et al., 2003b).  Feeding on the ground in these pastures as well as longer grazing 
periods increased the risk of abortion (Cohen et al., 2003b).   
 
During the initial outbreak of MRLS approximately 40 cases of unilateral endophthalmitis 
were diagnosed in horses involving a range of ages and both sexes (Latimer, 2003; 
Sebastian et al., 2008a).  The clinical presentation was an acute onset of corneal oedema 
with exudate present in both the anterior and posterior segments along with pain, periocular 
swelling, discharge and hyphema (Latimer, 2003).  Culture and cytology of aqueous and 
vitreous samples were negative for infectious organisms (Latimer, 2003).  Treatment was 
generally ineffective with most eyes becoming blind but histopathology on any affected eyes 
was not reported (Sebastian et al., 2008a).   
 
Thirty-three horses from all age groups and both sexes presented with fibrinous 
pericarditis during May of 2001 and 6 horses in 2002, which was significantly higher than 
previous years (Bolin et al., 2003; Slovis, 2003).  Virology testing on serum and transtracheal 
wash (TTW) samples were all negative as was Mycoplasma culture of nine pericardial 
samples and one TTW (Bolin et al., 2003; Slovis, 2003).  Culture of five TTW samples 
isolated E. coli (2), α-haemolytic Streptococcus sp. (1), and Enterobacter cancerogenous 
(1) in pure culture (Slovis, 2003). One sample grew mixed isolates of Actinobacillus sp. and 
Pasteurella sp. (Slovis, 2003).  Pericardiocentesis fluid was cultured from 11 cases which 
isolated Actinobacillus equuli (5), Streptococcus spp. (2), Pasteurella multocida (1), 
Staphylococcus aureus (1), Acinetobacter sp.(1), and Pseudomonas sp. (1) (Slovis, 2003).  
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Culture of the pericardial fluid and/or myocardium from 22 necropsies and 11 mail-in 
samples grew Actinobacillus spp. (11), Streptococcus zooepidemicus (1), Escherichia coli 
(1) and Enterococcus faecalis (1) with no growth in the remaining cases (Bolin et al., 2003).  
Four horses had Actinobacillus spp isolated from multiple tissue samples (Bolin et al., 2005)  
Actinobacillus spp. isolates from abortions and pericarditis cases were later identified further 
using 16S rRNA sequencing with homology between the MRLS isolates and those in the 
oral cavity and alimentary tracts of healthy horses (Donahue et al., 2006).  Of the 94 
Actinobacillus spp. isolated in 2001-2002, 10 were identified as Actinobacillus equuli subsp. 
equuli, 18 were identified as A equuli subsp. haemolyticus Biovar 1, 10 were identified as A 
equuli subsp. haemolyticus Biovar 2, 1 was A equuli subsp. haemolyticus Biovar 3, 21 were 
A equuli subsp haemolyticus biovar undetermined, 22 were Bisgaard taxon 10-like, and 2 
were Actinobacillus genomospecies 1 (Donahue et al., 2006).  In cases of terminal 
pericarditis where there was negative growth from pericardial fluid, the gross and 
histopathological lesions were consistent with bacterial infection (Bolin et al., 2005).   
 
Retrospective analysis during the intensive investigations of the outbreak suggested MRLS 
had occurred in the 1980-1981 breeding season (Priddy et al., 2003).  Investigations into 
the weather patterns during the years MRLS occurred found a few possible predictors 
including heat accumulation and rate of change of heat accumulation over a 7-day period 
and magnitude and frequency of frost which deviated from normal over a 20 year period 
(Priddy et al., 2003).   
 
The weather pattern and instances of late spring frosts were suggested as initiating 
stressors leading to abortions (Swerczek, 2002).  In the years of reported MRLS abortions; 
1980, 1981, 2001, and 2002, a spike in early and late-term abortions were reported 9-10 
days after frost damage to pastures (Swerczek, 2002).  Increases in saprotrophic fungi were 
noted after frost damage to pastures where mares were known to abort in 2002 (Swerczek, 
2002).  This led to speculation that the frost damaged pasture allowed these saprotrophic 
fungi and soil bacteria to proliferate due to the more readily available sugars and amino 
acids present in the frost damage decaying plant material (Swerczek, 2002).  The enzymes 
produced by these proliferating organisms would enhance the digestion of proteins and 
carbohydrates allowing opportunistic pathogens like Streptococcus and Actinobacillus to 
become bacteraemic (Swerzcek, 2002).  Localization by these bacteria would then occur in 
specific areas of the body which were already compromised by oedema due to the toxic 
metabolites and electrolyte imbalances such as the pericardium of the mare, foetal 
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membranes and foetus (Swerzcek, 2002).  However, other suggestions of causation 
focused on different possibilities including caterpillars and toxins.   
 
The presence of ETC was determined to be a strong risk factor for EFL and LTA (Dwyer et 
al., 2003; Cohen et al., 2003a).  The most significant event in 2001 was the plague of ETC 
noted from central Kentucky up into Ohio where ETC were found blanketing fence posts, in 
water troughs and over fields (Frazer, 2003a; Fitzgerald, 2003).  Eastern tent caterpillars 
(Figure 2.10) are found in the eastern United States and Canada where their preference is 
to feed on the leaves of trees in the family Roseaceae which include the black cherry, choke 
cherry, fire cherry, apple, plum, peach, and pear trees (Fitzgerald, 2003).  Eggs from ETC 
hatch in early spring coinciding with the early leaf development and the larvae build nests of 
silk from which all feeding activity centres (Fitzgerald, 2003).  Early stage larvae disperse to 
feed in the afternoon, dusk and early morning but late instar larvae feed only at night 
(Fitzgerald, 2003).  The caterpillars can go through a boom and bust cycle dependent on 
disease, predation, food sources, and weather (Fitzgerald, 2003).  Late season frosts, as 
occurred in 2001, often kills the leaves of the host tree in which the caterpillar live causing 
a population collapse due to starvation and mass dispersal to find an alternative food source 
(Fitzgerald, 2003). The population explosion of caterpillars which occurred in the spring of 
2001 after such a frost consisted of a plague of starving larvae coming out of the defoliated 
trees into the pastures and environment of the pregnant mares to find food (Fitzgerald, 
2003). 
 
The cherry trees preferred by ETC contain large amounts of cyanide in their leaves and the 
caterpillar larvae prefer the youngest leaves which have the highest concentration of cyanide 
(Fitzgerald, 2003).  The cyanide is detoxified by the larvae and excreted in faeces which 
only contain a fraction of the cyanide content that was ingested (Fitzgerald, 2003). The hairs 
or “setae” present on the cuticle of the ETC (Figure 2.10) are soft and can cause a mild 
urticarial reaction when handled over extended periods (Fitzgerald, 2003).  Studies 
undertaken to establish caterpillars as a protein and nitrogen source for laboratory rats found 
mild signs of toxicity when dried ETC were fed at high doses including gastrointestinal upset 
and diarrhoea (Finke et al., 1989; Webb et al.,  2004).   
 
The role of toxins involved in the abortions was also widely explored.  The diet of ETC 
consists of black cherry tree leaves which contain prunasin (Burns, 2010).  Prunasin is 
metabolized to glucose and mandelonitrile (Burns, 2010).  The role of ergot alkaloids, other 
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mycotoxins, and phytoestrogens in white clover samples, mandelonitrile and cyanide in 
causing MRLS was negligible or ruled out during systematic investigations and  
 
 
 
 
Figure 2.10. A) Eastern tent caterpillar (Malacosoma americanum). Late instar stage in the nest. 
(Sebastian et al., 2008a) 
B) Closer image of an eastern tent caterpillar (Tobin et al., 2004)  
C) Scanning electron micrograph of setae at the tip of the body of the eastern tent caterpillar (image 
from Janice S. Edgerly-Rooks)  
D) Scanning electron micrograph of setae surrounding the eyes of the eastern tent caterpillar.  
E) Scanning electron micrograph of the integument of the abdomen of an eastern tent caterpillar 
showing the small microtubules that cover much of the outer surface of the caterpillar and the much 
larger setal hairs that arise from the socket cells.   
F) This is a section of a caterpillar demonstrating the microscopic appearance of the setae (Dr Neil 
Williams) (Images and captions for C-F 
http://www.thehorse.com/images/content/caterpillars/caterpillars.html) 
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experiments involving these compounds (Harkins et al., 2003; McDowell et al., 2003a; 
Newman, 2003; Schultz and Bush , 2003). 
 
Ultimately, three main hypotheses evolved as to the role of ETC in MRLS after the initial and 
rapid epidemiological surveys found an association between the presence of ETC and 
incidence of EFL and LTA.   One involved the opportunistic nature of the α-haemolytic 
Streptococci isolated from an aborted foetus of a mare experimentally gavaged at 40-80 
days pregnant and clinical MRLS cases (Bernard, 2004).  Relaxation of the cervix in 
response to pro-inflammatory cytokines, PGE2 and PGF2α induced by an unknown toxic 
component of the ETC or secondary to proliferation of Streptococci in the caudal portion of 
the reproductive tract may allow bacterial access to the foetal membranes (Bernard, 2004).  
Another hypothesis involved the ETC harbouring the α-haemolytic Streptococci inside the 
setae and gaining entry into the systemic circulation by penetrating a mucous membrane in 
the oral or nasal cavity, vagina, or gastrointestinal tract (GIT) (Bernard 2004; Tobin 2004). 
The predilection for the placenta is explained by the rapid vascularisation and growth of this 
organ in the uterus (Bernard, 2004).  Lastly, irritation to the mucus membrane of the GIT of 
the mare by ETC would allow bacterial access to the tissues with a subsequent bacteraemia 
(Bernard, 2004). 
 
Webb et al. (2004), initiated a study investigating the effect of ETC on pregnant mares.  
Twenty-nine mares were housed in individual pens and plots (Webb et al., 2004).  
Treatments of ETC larvae and nest material were applied to plots of 10 mares, nest material 
only to plots of 9 mares or no material to plots of 10 mares as controls (Webb et al., 2004).  
ETC larvae were unable to be contained in the individual plots and 18 of the 29 mares 
aborted including 4 control mares between 7-9 days after the initiation of the experiment 
(Bernard, 2004).  The barrier system between the plots was improved  and 20 pregnant 
mares (non-Thoroughbred) between 40-200 days gestation were distributed between three 
treatment plots of non-fed ETC (n=7), caterpillar frass (N=6), or control (N=7) (Webb et al., 
2004).  Plots were treated for 10 days and mares were monitored for 35 days (Webb et al., 
2004). Three of the 7 mares exposed to ETC larvae aborted at 10, 13, and 14 days after the 
onset of treatments.  By the 10th day of treatment ETC larvae numbers in the designated 
plots ranged from 11-27 larvae/25m2 (Webb et al., 2004).  
  
The second experiment by Webb et al. (2004) included 14 mares between 40-120 days 
gestation in which 5 mares were fed 50g frozen ETC larvae mixed with 500g concentrate 
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feed for 8 days, 5 mares were fed autoclaved ETC larvae fed in a similar fashion and 4 
mares were fed larvae of the gypsy moth caterpillar (Lymantria dispar) (Webb et al., 
2004).  Three of the five mares fed frozen ETC larvae aborted on days 11, 21, and 28 after 
the first treatment (Webb et al., 2004).  One mare fed L. dispar larvae aborted on day 16 
after the first treatment but the foetus of this mare did not grow at a normal rate and died 
with a decrease in allantoic fluid volume (Webb et al., 2004). Streptococcus equisimilis was 
isolated from the placenta and umbilical cord of the foetus but there was no growth from the 
lung and liver aspirates (Webb et al., 2004).  Results of stomach contents culture are not 
stated (Webb et al., 2004).  The abortion did not have the typical changes associated with 
MRLS abortions including the typical placental fluid echogenicity but did show growth 
retardation of the foetus which is not a feature of MRLS. Moreover, it was not possible to 
conclude that the L dispar larvae caused the abortion or if the mare would have lost the 
pregnancy regardless of treatment (Webb et al., 2004). 
 
The third experiment from this study consisted of 35 pregnant mares between 40-60 days 
gestation divided into seven treatment groups of 5 mares each (Webb et al., 2004).  
Treatment groups were given 100ml saline, 50g of ETC homogenized with 100ml of 
phosphate-buffered saline, the pelleted supernatant and solids of 50g of homogenized 
filtered ETC, 50g of dissected exoskeleton, 50g of dissected caterpillar gut (foregut, midgut, 
hindgut),  or 50g of caterpillar internal tissues (salivary gland, Malphighian tubules, muscles 
etc) with oats for 10 days (Webb et al., 2004).   All 5 mares given 50g of homogenized ETC 
started aborting at day 10 from the first treatment, 3 of the exoskeleton fed mares began 
aborting at day 6 from the first treatment, and one of the pellet fed mares aborted at day 31 
(Webb et al., 2004).  
 
The aborted foetuses from these three experiments had no significant gross or microscopic 
pathology (Webb et al., 2004).  Bacteria isolated were pure or near-pure cultures of 
Streptococcus spp. or Actinobacillus spp. in addition to Serratia liquefaciens, Serratia 
marcescens, and Enterococcus sp. (Webb et al., 2004). Further identification of the 
Actinobacillus spp by 16S rRNA identified 2 isolates as A equuli subsp haemolyticus Biovar 
2 and two isolates as Bisgaard taxon 10-like (Donahue et al., 2006).  These experiments 
proved that ingestion of whole ETC or ETC exoskeleton caused abortion in pregnant mares 
(Webb et al., 2004).   
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Bernard et al (2004), conducted another experiment involving 15 pregnant mares between 
40-80 days gestation to determine if direct gavage into the stomach of either starved ETCs 
or their excreta separated from other nest materials would cause abortion.  Mares were 
divided into 3 groups of 5 and isolated in boxed stalls without exposure to grass during the 
experiment period of 21 days (Bernard et al., 2004).  The three groups of mares were 
gavaged via nasogastric tube for 10 days with either 500ml of water, 50 ml of water mixed 
with 2.5g caterpillar excreta  (flushed with 500ml water) or 50 g of macerated starved ETC 
suspended in 500ml of water (Bernard et al., 2004).  Four of the five mares receiving 
macerated ETC aborted on days 8, 10, and 13 from the first treatment (Bernard et al., 2004).  
Serratia marcescens was isolated from three foetuses and an α-haemolytic Streptococcus 
spp. from the remaining foetus (Bernard et al., 2004).  Histopathology results as well as any 
microbiology from the lung and stomach contents of the aborted foetuses were not 
discussed.  
 
An experiment exploring the possibility of a volatile ETC related toxin was undertaken by 
Harrison and Sebastian (2004).  Four, mid to late gestation pregnant mares were placed in 
a paddock with 100g of live ETC in a cage at the bottom of a military equine feed bag which 
the mares wore 6 hours a day for 10 days (Sebastian, 2004).  One mare immersed her feed 
bag with ETC in a water tank in an attempt to drink on days 4 and 5 and subsequently 
aborted while the remaining mares delivered full term foals (Sebastian, 2004). Necropsy 
results of the aborted foetus were unremarkable (Sebastian, 2004).  
 
This experiment was repeated with10 late term pregnant mares grouped into 2 groups of 5; 
one control and one treatment group (Sebastian, 2004). Five mares were gavaged once 
daily for 10 days with 1 litre of water created from immersing 100g of whole ETC larvae in 
water for 30 minutes then roughly filtering the mixture through muslin gauze to remove large 
particulate matter (Sebastian, 2004).  One of the pregnant mares attempted abortion of the 
near full term foal on day 7 with subsequent dystocia (Sebastian, 2004).  The mare was 
euthanized with no gross or histopathological changes noted in the aborted foetus or mare 
(Sebastian, 2004).  
The role of ETC in LTA was investigated by feeding 2 groups of mares 9-11 months pregnant 
either 120ml of normal saline (5) or 50 g of ETC in 70 ml of normal saline (6) for 9 days 
(Sebastian et al., 2003).  The mares were confined to stalls and hand walked to prevent 
accidental exposure to ETC in paddocks while grazing (Sebastian et al., 2003).  Five of the 
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6 treated mares aborted during the 9 days of treatment with the sixth mare aborting by day 
15 from the first treatment (Sebastian et al., 2003).   Bacteria isolated from the organs of 
aborted foetuses included Enterobacter sakazakii (2), Serratia marcescens (1), 
Enterobacter cloacae (2) and Enterococcus species (2) (Sebastian et al., 2003).  
Histologically, the primary finding was congestion in the organs of the majority of the 
foetuses with single incidences of bronchopneumonia, hepatic necrosis, placentitis, 
amnionitis, and funisitis (foetus or time of abortion not identified) (Sebastian et al., 2003).  
The speed of abortion from initial treatment to expulsion of the foetuses in this experiment 
may have been due to using ETC which had recently fed on cherry tree leaves suggesting 
the “metabolically active ETC may be producing an abortifacients agent in much higher 
quantities compared to starved ETC” (Sebastian et al., 2003).   
 
Burns et al. (2010), attempted to demonstrate that an unknown protein combined with the 
metabolized mandelonitrile (abortifacient agent) was responsible for MRLS abortions.  An 
ETC “tea” composed of 35g of ETCs homogenized with 35ml of sterile saline and centrifuged 
for 10 minutes was created to mimic regurgitated mandelonitrile which had been modified in 
the caterpillar foregut with an as yet unknown protein for the caterpillar’s protection when 
stressed (Burns et al., 2010).  The supernatant was then filtered through six layers of sterile 
gauze and 100ml of this “tea” was sprayed in the mouth of 5 mares pregnant between days 
45 to 65 for 5 days without any resulting abortion (Burns et al., 2010).  A modified  ETC “tea” 
was then created by placing 100g of live ETC in a glass container and agitating them for 10 
minutes then pouring 100ml sterile saline over them and re-agitating for another 10 minutes 
(Burns et al., 2010).  This fluid was then filtered as previously and then injected intravenously 
into 2 mares between 60 and 65 days gestation (Burns et al., 2010).  Initially 50ml was given 
on day 1, then 100ml injected daily for an additional 6 days causing eventual abortion in 
both mares; one on day 7 and another on day 11 (Burns et al., 2010).  Histopathology of the 
foetal membranes and foetus were not reported and aerobic culture results on the foetal 
organs, amniotic and allantoic fluids were negative (Burns et al., 2010).  
 
The development of a laboratory model to study MRLS using mice and rats was attempted 
due to the size and expense of dealing with pregnant mares and the long gestation period 
(Sebastian, 2004).  Pregnant mice and rats were challenged with various ETC materials via 
gavage and intraperitoneal (IP) administration (Sebastian, 2004).  In experiment 1, 3 groups 
of mice 12 days pregnant were gavaged with caterpillar frass, frozen early instar ETC larvae, 
or saline by oral gavage (Sebastian, 2004).  In the second experiment three groups of mice 
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12 days pregnant were administered fresh caterpillar frass, late instar stage ETC, or normal 
saline by oral gavage (Sebastian, 2004).  Experiment 3 consisted of five groups of mice 
given normal saline by IP injection, oral saline via gavage, fresh caterpillar frass by oral 
gavage, late instar ETC fed on fresh cherry tree leaves by oral gavage, or setae plucked 
from live late instar ETC by IP injection (Sebastian, 2004).  In experiment 4, 3 groups of 
mice 5 days pregnant were given IP injections for 14 days of one of the following: saline, a 
filtered homogenate of 20 setae, or an unfiltered homogenate/extract of 20 setae (Sebastian, 
2004).  Absorption of foetuses were noted in some mice during necropsy and subsequent 
histological examination but were within the normal expected rate for mice (Sebastian, 
2004).  Setal fragments were found free in the lumen of the small and large intestines of 
some mice without any inflammatory reaction (Sebastian, 2004).  Acute suppurative 
inflammation was noted at the implantation site of resorbed foetuses but this is considered 
a normal lesion after resorption and difficult to interpret in relation to any inflammation 
caused by the treatments (Sebastian, 2004).  
 
Additional studies by Sebastian (2004) using rats had similar results.  These consisted of 
two groups of pregnant rats; 1 control group and one treated group fed 5g of freshly ground 
5-6th instar ETC mixed in the diet each day (Sebastian, 2004).  Four animals from the 
treatment group which did not give birth and four control animals were euthanized with 
examination of the uterus, vagina, implantation site, small intestine, large intestine, kidney, 
liver, heart and lungs of each animal (Sebastian, 2004).  In three animals from the treatment 
group granulomas were observed in the mucosa and submucosa with some having foci of 
setal fragments in various stages of disintegration (Figure 2.11). The conclusion from this 
experiment was that although setal fragments can be embedded in the mucosa and 
submucosa of the gastrointestinal tract, it is unlikely that there is further migration due to the 
granulomatous reaction halting setal movement (Sebastian, 2004).  The possibility of the 
point of entry by setal fragments into the mucosa acting as a gateway for bacteria to enter 
the systemic circulation was open to speculation (Sebastian, 2004).  
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Figure 2.11   Microgranuloma in an ETC dosed rat containing an ETC setal fragment at its centre (Dr. 
Terry Fitzgerald and Colleagues) Thomas Tobin ETC setal theory.  Inset:  Stomach, rat:  High power 
view of granuloma with ETC setal fragment in the centre (white arrow).  HE.  (Sebastian, 2004) 
 
Experiments by McDowell et al. (2004), using pregnant pigs had a slightly different outcome.  
Ten pregnant gilts at approximately 55 days gestation were divided into 2 groups of 5 of 
which one group was fed 40g of ETC larvae per day for 10days and the other group fed 
normal ration (McDowell et al., 2004).  Two of the five treated gilts aborted their entire litters 
and were euthanized within three days of aborting along with a paired control gilt (McDowell 
et al., 2004).  Streptococcus bovis was isolated from the aborted foetuses from one litter 
and from several of the aborted foetuses of a control gilt and was considered post-mortem 
contamination (McDowell et al., 2004).  Alpha-haemolytic Streptococcus spp was isolated 
from the other aborted litter (McDowell et al., 2004).  Caterpillar setal fragments were 
identified in the alimentary tract of all gilts fed ETC embedded within microgranulomas 
(Figure 2.12) (McDowell et al., 2004).  The histopathological findings in relation to the GIT 
of the gilts or the foetal membranes of aborted foetuses were not detailed.   
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Figures 2.12   A) Section of a pig colon on low magnification showing several microgranulomas in 
the submucosa.  B) This is a higher magnification showing a structure with setae in the centre of a 
granuloma. (Images Dr. Neil Williams) 
http://www.thehorse.com/images/content/caterpillars/caterpillars.html 
 
2.9   Caterpillar interactions 
 
An association between the exposure of pregnant mares to caterpillars and subsequent 
abortion following bacterial infection has been identified, yet the pathogenesis of infection 
remains unclear.  In many countries for many years it has been known that some caterpillars 
can cause serious lesions following physical contact but outcomes are often related to 
allergy or hypersensitivity reactions (Diaz, 2005).  Interactions between man and caterpillars 
have been extensively studied and a review of this research is discussed below.  
 
2.9.1   Ocular and dermal manifestations 
 
Caterpillar related illness involving the Lepidopteran family has long been documented in 
humans and animals with a range of syndromes involving both acute reactions (urticaria, 
anaphylaxis) and chronic inflammation due to migrating setae (urticating hairs) (Diaz, 2005; 
Battisti et.al., 2011). The Lepidopteran family Notodontidae, subfamily Thaumetopoeidae 
contains processionary caterpillars including the Australian Processionary caterpillar, 
Ochrogaster lunifer, which have been documented to cause erucism (dermal urticaria), 
ophthalmia nodosa, and lepidopterism (systemic illness with various manifestations) (Diaz, 
2005).  Most of these reactions are from dermal or ocular exposure and reports of effects of 
oral ingestion are rare (mainly small children) with the observation only of gross changes 
prior to setae removal (Lee et al., 1999).  The combination of a mechanical phenomenon 
A B 
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(penetration of the setae into the tissue) and a chemical phenomenon (discharge of a toxic 
substance) is thought to be responsible for the range of reactions to processionary 
caterpillars (Ducombs et al., 1979).   
 
The urticating substance from the hairs and spines of the European pine processionary 
caterpillar (Thaumatopoea pityocampa), called Thaumatopoein, has been demonstrated to 
cause dose dependent mast cell degranulation in the skin of guinea pigs (Lamy et al., 1983) 
and systemic histamine release (Werno et al., 1993).  This protein has a molecular weight 
of 28kDa, composed of two subunits of 13 and 15 kDa respectively (Lamy et al., 1986).  
Further investigation led to the identification of a protein, Tha p 1 (15 kDa) which elicited a 
specific Immunoglobulin (Ig) E mediated hypersensitivity reaction (Moneo et al., 2003).  This 
protein contained unique N-terminal amino acids that has no homologies to other described 
insect allergens, thus the biological function of this protein remains a mystery (Moneo et al., 
2003).  Immediate hypersensitivity reactions have been documented after exposure to other 
species of caterpillar (Spiny Elm caterpillar- Nymphalis antiopa) with serum recognition of 
an allergen of similar molecular weight to Tha p1. The same patient’s serum had no 
recognition of Tha p 1, however; suggesting different caterpillars may have urticating 
substances which illicit similar responses but utilising different chemicals (proteins, 
enzymes, etc) (Moneo et al., 2003).  
  
Urticating hairs (setae) from the pine processionary caterpillar (Thaumetopoea pityocampa 
Schiff) have been examined under the electron microscope (Ducombs et al., 1979).  In this 
particular caterpillar, the location containing the urticating setae is termed the “mirror” due 
to the reflectivity of the area under a light (Figure 2.13) (Ducombs et al., 1979).  The mirrors 
are present in all larval stages, but only contain urticating setae from the L3 stage onward 
(Ducombs et al., 1979).  At the L3 stage the urticating setae are only found in segments 1 
and 8 and by the L5 stage there are at least a million setae present on the larvae (Ducombs 
et al., 1979).  The setae are very sharp on both ends with the proximal end present within 
the cuticle pad. There are short sharp barbs along the shaft oriented towards the anterior 
end similar to Figure 2.14 (Ducombs et al., 1979).  Pores could not be found either on the 
body or on the barb tips of the caterpillar setae (Ducombs et al., 1979).  This is in contrast 
to EM study of the setae of the Brown-tail Moth (Euproctis chrysorrhoea Linn.) which has 
similar shaped setae except for a tri-barbed anterior tip with pores recognised as shadows 
on the tips of barbs (De Jong et al., 1976b).  The T. pityocampa setae have a hollow shaft 
and spongy material in the solid tips (Ducombs et al., 1979).  In order to determine the nature 
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of the urticating substance it was necessary to crush the setae to release the toxic material 
(Ducombs et al., 1979).   
 
 
 
Figure 2.13   a) Scanning electron microscopy showing the open mirror of T. pityocampa L4 stage and b) 
enlargement of the hairs of the left upper corner showing pointed ends and slight barbs. (Martin et al., 1986) 
 
 
 
Figure 2.14 Thaumetopoea pinivora setae; barbs are indicated by arrows Phase contrast microscopy x 500.  
(Fagrell et al., 2008) 
 
 
Caterpillar setae migration has been documented in the chronic syndrome of ophthalmia 
nodosa, an ocular manifestation of urticating hair exposure in the eye (Cadera et al., 1984). 
Grossly these lesions resemble small white to yellow nodules on the conjunctiva of variable 
size but not larger than 5mm (Cadera et al., 1984).   Excised nodules show dense infiltration 
of the stroma by lymphocytes surrounding poorly circumscribed lesions composed of 
epithelioid and giant multinucleated giant cells (foreign body type) around embedded 
caterpillar setal fragments (Martin et al., 1986).   Endophthalmitis due to setae migration 
intracorneally has been reported (Steele et al., 1984).  In this case report, setal fragments 
were found embedded in the corneal stroma, posterior corneal surface, the nasal iris and 
adjacent trabecular band and as far in as the posterior cortex of the nasal quadrant of the 
lens and within the posterior vitreous overlying the macula (Steele et al., 1984). Many of 
these setae were removed (6 months after the initial injury) and examined using SEM 
(Steele et al., 1984).  The spines showed evidence of enzymatic degradation as 
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demonstrated by numerous round individual to coalescing lacunae present on the surface 
(Steele et al., 1984).  Examination of a cross section by TEM showed the lacunae to be 
shallow further supporting enzymatic degradation possibly by tear and macrophage 
lysozyme which can breakdown chitin; the major constituent of setae (Steele et al., 1984).  
It was thought that the synchronous movements of the eye along with the presence of barbs 
induced progressive inward propulsion of the setae and cessation of movement was caused 
by both enzymatic degradation blunting the tips and coating of the setae in exudate burying 
the spines (Steele et al., 1986).   
 
2.9.2   Caterpillars and abortion 
 
Caterpillars have been shown to cause abortion in horses (see discussion on MLRS above) 
but camels can also be affected by ingesting caterpillars.  Camel reproductive loss 
syndrome, known as Duda syndrome (DS) to the Sahrawi people of north-western Africa, 
occurs when a pregnant camel ingests caterpillars while browsing for leaves on Acacia trees 
according to the nomadic tribesman (Volpato et al., 2013).  Although the dam is not affected 
by the ingested caterpillars she subsequently aborts or delivers a weak and premature calf 
(Volpato et al., 2013).  Tribesmen describe the syndrome as highly seasonal and uncommon 
as the caterpillars are only in the trees after it rains; a rare event in the desert (Volpato et 
al., 2013).  The abortions occur suddenly in mid to late gestation, occasionally followed by 
uterine prolapse (Volpato et al., 2013).  Calves born alive often have red eyes, falling hair, 
weakness, ataxia, and swollen joints with later onset of diarrhoea and swollen lymph nodes 
(Volpato et al., 2013).   
 
The suspect caterpillar is named Shedbera and is thought to be a member of the family 
Lasiocampidae which includes tent caterpillars (Volpato et al., 2013).  These caterpillars are 
very hairy (Figure 2.15), yellow, with longitudinal stripes (Volpato et al., 2013).  The 
Shedbera occasionally build tents as protection that is often full of caterpillar hairs and setae 
(Volpato et al., 2013).  Further investigations on the habitat, structure, and interactions 
between camels, Acacia trees and hairy caterpillars are difficult to undertake to confirm 
these caterpillars as a cause of abortion in camels (Volpato et al., 2013).  
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Figure 2.15   Pictures of the Shedbera, member of the family Lasiocampidae, in Acacia trees (Acacia 
tortilis) after rains in the Zemmur region, Western Sahara. (Volpato et al., 2013) 
 
 
2.10 Diagnostic investigation of equine abortion 
 
Detailing the numerous testing procedures available for different infectious agents involved 
in equine placentitis and abortion are beyond the scope of this review but are described in 
detail in the respective papers outlining the diagnosis of a causative agent.  Diagnostic 
testing on every abortion for every pathogen that has been described in association with 
these conditions is not economically feasible and there is a reliance on the gross and 
histopathological examination of the foetal membranes and foetus as well as the history of 
the mare, husbandry, and regional differences from which the abortion occurs to choose the 
most appropriate tests.   
 
2.10.1 Culture  
 
Routine specimens are taken at the time of abortion or parturition for microbiological culture 
from the most favourable sites that would yield a diagnostic result (Whitwell, 1988).  These 
include the stomach contents and lung/liver aspirates from the aborted foetus and may 
incorporate swabs from any chorionic lesions in the case of placentitis, heart blood from a 
stillborn or perinatal death, or uterine swab from the mare to give the most insight into any 
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organism involved Whitwell, 1988; Chapter 3).  In many cases the gross or histopathologic 
lesions in the foetal membranes or foetus may suggest organisms which may be positively 
identified by additional tissue stains like Brown and Brenn Gram stain, Brown and Hopps 
Gram stain, Ziehl-Neelsen, modified Ziehl-Neelsen, Giemsa, Gomori’s methenamine silver 
stain and/or Warthin-Starry stain indicating special culture techniques may need to be 
employed to determine or confirm the identity of the organism (Hong et al., 1993).   Routine 
culture methods used in the experiments delineated in this thesis are described in Chapter 
3.   
 
Procedures for the cultivation of fastidious bacterial organisms and/or fungi from particular 
specimens may include special media and extended incubation times at different 
temperatures (Hong et al., 1993a; Whitwell, 1988).  An example is the use of a special insect 
cell culture growth media (ICCGM) to attempt enhancement and isolation of organisms from 
frozen pericardial fluid aspirated from cases of fibrinous pericarditis in Kentucky where the 
infection was suggested to be facilitated by caterpillars (Jones et al., 2007).  This media was 
used previously to enhance the isolation of certain arthropod borne Bartonella spp. and was 
successful in isolating organisms using the frozen pericardial fluid samples from the past 
equine pericarditis cases (Jones et al., 2007).   Culture of organisms like Leptospira spp 
from tissue may be too difficult due to long incubation times, complexity of the isolation 
media, and cost requiring serologic and/or molecular technology to be used for presence 
and identification of a pathologic organism (Donahue et al., 1995; Erol et al., 2014).  
 
2.10.2 Serology 
 
Many tests have been developed to measure the antibodies produced by an animal to a 
specific microbe using direct, indirect, or competitive inhibition methods (Wang and 
Kobayashi, 2013).   A direct fluorescent antibody test (DFAT) using multivalent 
Leptospira conjugates have been used on collected tissues for Leptospira diagnosis 
(Donahue et al., 1995; Hong et al., 1993; Sebastian et al., 2005).  Indirect fluorescent 
antibody tests (IFAT) have been used for detection of antibodies to Neospora caninum 
(Dubey and Schares, 2011).  One of the most common assays developed  and used is the 
enzyme-linked immunosorbent assay (ELISA) allowing the measurement of antibody 
presence by “sandwiching” the antibody between a fixed capture antigen and an added 
detector antibody which catalyses an enzymatic chemical reaction producing a coloured 
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product which can be visually or machine read (Wang and Kobayashi, 2013).  ELISAs are 
available in diagnostic laboratories to routinely test for organisms such as Neospora spp, 
Brucella spp, Mycobacterium spp, and Mycoplasma spp.   
 
Virus detection using direct virus cultivation, viral antigen detection, or indirect detection of 
virus-specific antibodies to determine the involvement of a virus in an equine abortion is 
employed in experimental and diagnostic laboratories (Majerciak and Zheng, 2013).  
Emulsions of lung, liver, thymus, spleen had previously been inoculated into rabbit kidney 
cell cultures for isolation of EVA and EHV to rule out these viruses as a causative agent of 
abortion (Hong et al, 1993).  However, advancing techniques in molecular diagnostics are 
creating a faster, sensitive and specific means of detecting viral pathogens in the form of 
real-time quantitative PCR assays (Majerciak and Zheng, 2013).   
 
2.10.3 Molecular diagnostics 
 
Polymerase chain reaction (PCR) 
 
Polymerase chain reaction is used to replicate or amplify a specific region of DNA of an 
organism in a few hours to generate enough material to test, analyse or identify (Loeffelholz 
and Dong, 2013).  Primers (oligonucleotides) are used to recognize specific sequences of 
denatured DNA of the target material to which they anneal creating a binding site for DNA 
polymerase at the 3’ end of each primer (Loeffelholz and Dong, 2013).  DNA synthesis, 
using the targeted DNA as a template, is then initiated and the amount of DNA available can 
be rapidly expanded (Loeffelholz and Dong, 2013).   This molecular technique allows the 
detection of pathogens which may be too fastidious to routinely culture or occur rarely as a 
cause of abortion (Leon et al., 2012).  A positive PCR result is not sufficient to implicate the 
organism as the cause of abortion without concurrent histologic lesions (Leon et al., 2012).  
Recent studies comparing DFAT with PCR found DFAT less sensitive for detection of 
leptospiral organisms (Erol et al., 2014).  PCR on formalin-fixed foetal lymph node, colon, 
and thyrmus allowed the detection of Neorickettsia risticii (Coffman et al., 2008).   
 
Reverse Transcription-PCR (RT-PCR) is the technique used to amplify RNA of target 
organism by transcribing the RNA onto a complementary DNA using the enzyme, reverse 
transcriptase (Loeffelholz and Dong, 2013).  This allows the use of DNA polymerase, which 
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requires a double-stranded DNA template, to amplify the RNA target as it does with DNA 
targets (Loeffelholz and Dong, 2013).   Examples of organisms which RT-PCR have been 
used to detect include Neospora caninum, Neospora hughesi, Leptospira, Coxiella burnetii, 
Chlamydophila abortus, EAV and EHV 1, 2, 3, 4,  and 5 (Leon et al., 2012).  
 
Broad-ranged 16S rRNA gene sequencing is now often used “to provide genus and 
species identification for isolates that do not fit any recognized biochemical profiles,” for 
isolates that return a poor discrimination using commercial systems or organisms rarely 
associated with infectious diseases (Janda and Abbott, 2007).   Although not foolproof, this 
method of identification can identify to the genus level in >90% of cases and to the species 
level between 62-91% of cases (Janda and Abbott, 2007).  Identification rates can be even 
lower with species that are fastidious, novel species, and species sharing identical or near 
identical 16S rRNA sequences (Janda and Abbott, 2007).   However, 16S rRNA sequencing 
can be time consuming and costly leading to the use in diagnostic laboratories of an 
alternative method of identification which is inexpensive and quick, matrix-assisted laser 
desorption ionization-time-of flight mass spectrometry (MALDI-TOF MS) (Janda and Abbott, 
2007).    
 
MALDI-TOF MS was developed to analyse the structure of biomolecules which make up a 
substance by identifying the exact molecular mass of the biomolecules after ionization 
(Mellmann and Müthing, 2013).  “A typical mass spectrometer is built of three components: 
an ion source, a mass analyzer, and a detector. The ion source produces ions from the 
sample, the mass analyzer separates ions with different mass-to-charge ratiosJ, and the 
numbers of different ions are detected by the detector. The resulting output is a mass 
spectrum which is displayed as a graph of the ion intensitiesJand consists of a number of 
mass spectral peaks, forming a unique pattern. The majority of ions generated by MALDI 
contain only one charge and only one peak is shown for each individual compound in the 
spectrum, facilitating data interpretation” (Mellmann and Müthing, 2013).  
 
For bacterial species, MALDI-TOF measures ribosomal proteins in the mass range of 2,000-
20,000 kDa (Mellmann and Müthing, 2013).  Identification of bacteria can be reliant on a 
number of variables including the sample preparation, the mass spectrometer used, the 
available genera in the database of the analysing software and bacterial culture conditions 
(Mellmann and Müthing, 2013).  Recent advances have improved the methodology allowing 
individual bacteria to be identified even in mixed cultures however there are still limitations 
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in using direct specimens of urine, cerebrospinal fluid, or blood due to the interference of 
proteins and cells within the body fluids (Mellmann and Müthing, 2013).  Use of this 
technology may be especially helpful with the rapid investigation of bacterial abortion where 
susceptibility patterns of the organism are not required unless the mare exhibits an 
endometritis post-abortion.   
 
2.11 Summary 
 
It is fundamental to understanding any disease process to first be familiar with the histology 
and physiology of the tissues under attack.  In cases of equine abortion the importance of 
understanding the reactions of the maternal and foetal systems to insults of toxic or 
inflammatory origin is the key in determining a possible aetiology.  There is still much we 
don’t know or understand about the equine foetus as well as the continual emergence of 
diseases affecting the foetus either directly or indirectly.  This thesis will describe a particular 
form of equine abortion recently observed in Australia with its associated microbiology and 
histopathology and explore the hypothesis that it is initiated by exposure of the mare to 
Processionary caterpillars.  
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3.1  Introduction 
 
This chapter describes the material and methods used throughout the investigations 
presented in this thesis in relation to collection, processing, and examination of samples 
acquired either in the course of normal veterinary diagnostic investigations (Chapters 4, 5, 
9 and 10) or collected following experimental induction of equine abortion (Chapters 6, 7, 8, 
9).   Experimental research was conducted at the Equine Research Unit on the Gatton 
Campus of the University of Queensland.  The experiments were undertaken with the 
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approval of the University of Queensland Animal Ethics Committee and complied with the 
Australian Code of Practice for the Care and Use of Animals for Scientific Purposes.  Any 
variations on these methods are detailed in the respective chapter as are methods specific 
to each chapter.  
3.2   Necropsy Technique and Sample Collection 
 
3.2.1   Mares 
Mares were euthanized with an overdose of pentobarbital sodium (Lundbeck Inc, 
Copenhagen, Denmark) and laid in right lateral recumbency.  The left front and rear legs 
were removed from the body and the skin was reflected from the left side of the trunk.  The 
abdominal cavity was opened by incising through the lateral abdominal wall from the 
vertebral column to the xiphisternum, following the line of the rib cage.  The entire left lateral 
abdominal wall was removed.  The left sternocostal attachment of the diaphragm was 
severed and the left thoracic wall was removed by cutting with bone cutters through the 
origins of the ribs adjacent to the vertebral column and through the sternum.  Samples for 
microbiological testing were taken before organs were handled but varied with the mare 
(Chapter 8).  The surfaces of all organs were seared lightly with a heated metal spatula 
before sampling.  Gastrointestinal samples were always taken last.   
 
 
 
 
 
Figure 3.01   Schematic drawing of the equine stomach showing the areas of sampling for 
histopathologic examination after experimental gavage of pregnant mares with 
processionary caterpillars (see text for description of A-G sites). 
 
95 
 
Organ systems were removed to be sampled independently on a stainless steel surface.  
Labels were attached to each tissue corresponding to the pre-planned areas of the GIT and 
reproductive tract to be sampled.  Approximately 1 cm pieces of tissue were taken from 6 
areas of the stomach (Figure 3.01); the junction of the cardiac sphincter and the non-
glandular stomach (A), the non-glandular stomach approximately 20cm from the margo 
plicatus (B), glandular stomach at the curvature (C), the margo plicatus at the junction of the 
non-glandular and glandular stomach (D), glandular stomach approximately 20cm from the 
pylorus (E and F), and junction of the glandular stomach and pylorus (G).    
Figure 3.02    Schematic drawing of the equine GIT showing the areas sampled for 
histopathological examination after experimental gavage of pregnant mares with 
Processionary caterpillars where capital letters denote anatomical location of sample and 
lower case letter denotes sample order. (E, oesophagus; D, duodenum;  J, jejunum; I, ileum; 
C, cecum; RVC, right ventral colon; LVC, left ventral colon; LDC, left dorsal colon; RDC, right 
dorsal colon; SC, small colon)  
 
96 
 
Sequential areas of the gastrointestinal tract were taken (Figure 3.02) in three areas from 
each section (proximal, middle, and distal) of the oesophagus, duodenum, ileum, caecum, 
left and right dorsal colon, left and right ventral colon, and small colon.  The jejunum was 
sampled in sequential 30-50cm segments.   Representative samples were also taken of 
organs (liver, spleen, lungs, kidney, heart,), lymph nodes (tonsil, mediastinal, mesenteric 
lymph nodes) and reproductive tract (ovary, uterus in areas corresponding to placental 
sampling, cervix).   
3.2.2  Aborted foetuses and foetal membranes 
The condition of the foetus and foetal membranes was noted immediately upon receipt of 
the cadaver and tissues.  The umbilical cord length was measured as well as any twisting 
of the umbilical cord (number and severity).  The foetus was placed in right-sided 
recumbency and the external features for age of gestation estimate and crown to rump 
length were noted.  Body condition, unusual lesions, condition of mucus membranes 
including the oral and conjunctiva, presence of meconium, and sex were all noted.   
The foetal membranes were laid out on a flat surface and the allantochorion was positioned 
in the reverse F to ensure all areas were present.  The pregnant and non-pregnant horns 
were identified with any gross lesions noted and measurements recorded after examination 
of both surfaces.  The allantochorion at the umbilical cord attachment and at the cervical 
pole were examined closely for any thickening, exudate, or oedema.  The amnion and 
umbilical cord were similarly laid out and any gross lesions recorded.  Limited samples were 
taken for culture after searing the tissue unless it was a surface lesion.  Samples for 
histopathology were taken from each tissue corresponding to areas of the allantochorion, 
amnion, and umbilical cord as described in Figure 3.03.  
The foetus was positioned in right lateral recumbency.  Necropsy of the foetus was as 
described for the mare with a few exceptions.  Aspirates of heart blood, stomach contents, 
and lung for culture were collected routinely prior to the collection of any other specimens.  
Rarely aspirates of liver, spleen, body cavity swabs, or aspirates of intact fluid spaces 
(allantoic fluid, amniotic fluid) were also taken.  Fresh tissue was collected from the thymus, 
lung, liver and allantochorion for EHV-1 PCR testing as described in the respective chapters.  
Tissues collected for histopathological examination included lung, thymus, liver, spleen, 
kidney and heart with variable collection of the adrenal gland.  These tissues were 
immediately placed in 10% neutral buffered formalin at a ratio of 1:10.     
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3.3   Histopathology 
 
3.3.1   Tissue preparation and staining 
 
Collected tissue samples were fixed in phosphate buffered 10% formalin for 48 hours or 
longer.  Thin (3-4mm) sections of tissue were embedded in paraffin, sectioned at 6µm and 
stained with Wright’s modification of the haematoxylin and eosin (HE).   
 
Figure 3.03   Diagram of areas sampled for histopathological examination from the foetal 
membrane, foetuses and foals of pregnant mares after experimental gavage with 
processionary caterpillars.  AC-A, allantochorion cervical pole; AC-B, allantochorion 10cm from 
cervical star;  AC-C, allantochorion umbilical insertion; AC-D, allantochorion 10cm from 
umbilical insertion; AC-E, allantochorion pregnant horn; AC-F, allantochorion body; AC-G (not 
in the diagram), allantochorion-any unusual gross lesion in the body in an area not already 
sampled; UC-A,  umbilical cord midway between the amnion and allantochorion; UC-B, 
umbilical cord at the amnion;  UC-C, umbilical cord between the amnion and foetus; Am-A, 
amnion at the umbilical insertion;  Am-B, amnion 10cm from the umbilical insertion; Am-C, 
amnion 30cm from the umbilical insertion.   
98 
 
Caterpillar   A whole Processionary caterpillar (Ochrogaster lunifer) from the specimens 
collected for use in these experiments was placed in 10% neutral buffered formalin for 48 
hrs.  The caterpillar was selected beginning at the head in sequential 3mm sections and 
processed as described above.   
Mares  The following thin sections (3-4mm) of tissue were cut from all preserved mare 
tissues for embedding:  
• cross section (2x1cm) from the distal oesophagus 
• cross sections (2x1cm) from the following areas of the stomach:   junction of the 
cardiac sphincter and the non-glandular stomach, the non-glandular stomach 
approximately 20 cm from the margo plicatus, the margo plicatus at the junction of 
the non-glandular and glandular stomach, glandular stomach at the curvature, 
glandular stomach approximately 20 cm from the pylorus, and junction of the 
glandular stomach and pylorus. 
• cross sections (2x1cm) from the following small intestine: proximal, mid and distal 
jejunum, sequential 50 cm sections of the jejunum, proximal, mid, and distal ileum 
including the ileocaecal junction. 
• cross sections (2x1 cm) from the following large colon areas: proximal, mid and distal 
caecum, right dorsal colon, left dorsal colon, left ventral colon, right ventral colon, and 
small colon. 
• cross sections (2x1 cm) of the reproductive tract:  proximal vagina just caudal to the 
cervix, cervix, uterus just cranial to the cervix, uterus 10-20 cm from the cervix, 
bifurcation of the uterine horns, 10-20 cm from the bifurcation, ventral body, dorsal 
body, left and right uterine horns, ovaries. 
• cross sections (2x1cm) from the liver, spleen, mesenteric lymph node, left and right 
lung. 
• variable sections (2x1 cm) taken from the eye, heart, kidney, or any other unusual 
lesion 
Foetal membranes and tissues  The following thin sections (3-4 mm) of tissue were 
cut from all preserved foetal membranes and foetal specimens:  
• cross sections (2x1cm) of the following allantochorion specimens:  cervical pole, 10 
cm from cervical star, umbilical insertion, 10 cm from umbilical insertion, pregnant 
horn, body, any unusual gross lesion in the body in an area not already sampled. 
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• cross sections (2x1cm) of the following umbilical cord specimens:   midway between 
the amnion and allantochorion, at the amnion, between the amnion and foetus. 
• cross sections (2x1cm) of the following amnion specimens:   the umbilical insertion, 
10 cm from the umbilical insertion, 30cm from the umbilical insertion.   
• cross sections (2x1cm) of the liver, thymus, spleen, lung, kidney 
• All sections were dehydrated in alcohol and embedded in paraffin.  Six µm sections 
of each tissue were cut using a microtome, mounted on glass slides and stained with 
Wrights modification of the HE stain before being examined by light microscopy.  
3.3.2   Special stains 
Additional specific sections were stained with Toluidine blue (TB) for mast cell presence 
within the tissues or with Gram-stain to confirm microorganism morphology if detected. 
3.4 Microscopic examination of foetal membranes and tissues. 
 
Sections of tissues from mares, foetuses, and foetal membranes were examined under light 
microscope (Olympus CX31- Olympus Australia, Macquarie Park, NSW, Australia) for 
inflammation, infectious organisms, and setal fragments. Any other abnormalities were 
noted.  In addition, the following specific details were noted about each tissue:  
3.4.1 Setal fragments 
Each tissue section was examined initially at low magnification (40x) then methodically 
scanned at high magnification (400x) for the presence of setal fragments due their extremely 
small size.  The presence of setae and any surrounding reactions or lack thereof were noted.  
Setal fragment numbers were quantified as follows: no setae found (neg); 1-5 setal 
fragments-low; 6-10 setal fragments-moderate; or >10 setal fragments- high.   
3.4.2 Inflammation 
Inflammation was evaluated on the basis of previous studies outline inflammation in the GIT 
and organs of the mares (Gomez-Cuetara et al., 1995; Welle et al., 1997; Collobert-Laugier 
et al., 2002; Packer et al., 2005; Abd-Elnaeim et al., 2006; Steinbach et al., 2006; Du Toit et 
al., 2007; Jischa et al., 2008; Hopster-Iversen et al., 2011; Snider et al., 2011; Walter et al., 
2012).   The foetal membranes and tissues of control foals/foetuses were examined to 
determine the normal presence of leucocytes in the membranes.  These examinations were 
used as the basis to determine the presence of inflammation in the allantochorion, amnion, 
and umbilical cord of aborted foetuses.  Inflammation was considered present in the foetal 
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membranes when there was involvement of neutrophils within any tissue in numbers greater 
than 1 per 3 high-powered field (hpf) in the allantochorion, umbilical cord, and amnion 
excluding the amniotic surface.  Inflammation in the amniotic surface of the amnion was 
considered present when neutrophil numbers were greater than 1 neutrophil per 1 hpf. 
3.4.3  Thymus 
Thymic depletion within the foetuses was rated on the following scale:  
• Normal-pronounced corticomedullary junction with a high density of lymphocytes in 
a large cortex.   
• Grade I-more pronounced reticular cells within the cortex or medulla without obvious 
lymphoid depletion.  
• Grade II-prominence of reticular cells with evidence of lymphoid depletion in the 
cortex. Increased macrophage presence in the cortex or medulla with or without 
increased phagocytised lymphocyte debris or “moth-eaten” appearance.   
• Grade III- Aspects of Grade I and II in addition to the loss of the corticomedullary 
junction with distinct lymphocyte loss from the cortex and any increase in epithelial 
cells in any location (Toti et al., 2000). 
3.4.4 Eosinophils 
Eosinophils numbers in the mucosa and submucosa of the small intestine, caecum, and 
colon were quantified in numbers per HPF in sections of the GIT from mares.  Five non-
adjacent fields were counted and the number averaged.   
3.5     Microbiology 
 
3.5.1  Collection of samples  
Mares     Post-mortem aspirates or swabs with transport media (Oxoid®, ThermoFisher 
Scientific Australia Pty Ltd, Adelaide, South Australia, Australia) were variably taken from 
the uterus, heart blood, liver, lung, eye and/or GIT of the euthanized mares depending on 
the circumstance of the euthanasia and post-mortem conditions (Chapter 6).  
Foetuses and foals     Aspirates of lung and stomach contents were taken from every 
aborted foetus, euthanized foetus, and terminal foals.  Samples of organs or any fluid 
viscous were taken after searing the surface with a heated spatula then aspirating into a 
sterile 5cc syringe and 18g needle.  Samples were taken from the heart, pleural surface, 
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peritoneal surface, umbilicus, intact allantoic sac, intact amniotic sac, chorionic or allantoic 
surfaces of the allantochorion. 
3.5.2  Growth of bacteria in vitro 
Solid agar Post-mortem samples for culture were collected inoculated within 2 hours of 
collection on two horse blood agar plates (HBA, Oxoid®, ThermoFisher Scientific Australia 
Pty Ltd, Adelaide, South Australia, Australia) , one Columbia horse blood with Colistin and 
Nalidixic Acid added selective media agar (CNA, Oxoid®, ThermoFisher Scientific Australia 
Pty Ltd, Adelaide, South Australia, Australia),  and one MacConkey’s no salt (MNS) (Oxoid®, 
ThermoFisher Scientific Australia Pty Ltd, Adelaide, South Australia, Australia). One HBA 
plate, the MAC no salt, and CNA plates were incubated aerobically in 8% CO2 at 37oC for 
3-7 days and examined daily for growth of bacteria. The remaining HBA plate was incubated 
under anaerobic conditions (ANAEROGENTM Compact, Oxoid®, ThermoFisher Scientific 
Australia Pty Ltd, Adelaide, South Australia, Australia) in a similar manner.  
Broth cultures   Stomach contents, allantoic fluid, amniotic fluid or tissue aspirates if 
available and of sufficient amount were also inoculated into blood culture bottles (Oxoid 
Signal® Blood Culture System, Oxoid®, ThermoFisher Scientific Australia Pty Ltd, Adelaide, 
South Australia, Australia).  Both fluids and swabs were also inoculated into Brain heart 
infusion broth (BHIB, Oxoid, Adelaide, South Australia, Australia) for enrichment of 
fastidious organisms or low numbers of organisms if present. Liquid media were then 
incubated at 37 oC for 24-48 hrs and examined daily for turbidity.  Media which showed any 
degree of turbidity was subcultured onto HBA and MNS to be routinely handled as described 
above.  
Isolation of bacteria from animal tissues  Bacteria present in pure growth from one or 
multiple sites in the mares were considered significant.  All bacteria grown from foetal tissues 
or membranes were identified. Colony numbers were measured semi-quantitatively (+-+++) 
and morphology for all bacteria were noted from each site.  Mixed growths were considered 
significant if found in more than 1 sterile site (lung, heart blood, stomach contents, body fluid 
or liver) and if tissue Gram-stain findings were consistent with culture results. 
3.5.3 Identification of bacteria 
Phenotypic identification  Isolates were identified using standard phenotypic 
bacterial identification techniques (Quinn et al., 1994). Briefly, this included Gram reaction, 
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morphology (cocci, coccobacilli, varying rods, and filaments), colonial morphology and 
reaction patterns on varying agars (haemolysis, colour, appearance).   
Gram-negative bacilli were further classified using the oxidase test (Quinn et al., 
1994)(Oxidase sticks, Oxoid®, ThermoFisher Scientific Australia Pty Ltd, Adelaide, South 
Australia), then identified where possible using the Microbact 24E (Microbact Systems, 
Adelaide, South Australia, Australia)(clinical cases, Chapter 5),  or API 20 NE (Biomerieux 
Australia Pty Ltd, Baulkham Hills, New South Wales, Australia) and BBLTM CrystalTM 
Enteric/Nonfermenter ID Kit (Becton, Dickinson and Company Australia, North Ryde, New 
South Wales, Australia)(experimental cases). 
Gram positive cocci were classified as Staphylococcus spp, Streptococcus spp., or 
Enterococcus spp according to Gram morphology, growth, haemolytic patterns, and 
catalase reaction (Quinn et al., 1994).  Streptococcus spp. were further classified using 
Lancefield groupings (Phaedebact® Strep, MLK Diagnostics AB, Sollentuna, Sweden) and 
API 20 Strep (Biomerieux Australia Pty Ltd, Baulkham Hills, New South Wales, Australia).   
Staphylococcus spp. were further classified for coagulation using Staphytect Plus (Oxoid®, 
ThermoFisher Scientific Australia Pty Ltd, Adelaide, South Australia, Australia), and 
confirmed if positive with a tube coagulase test (Quinn et al., 1994) using rabbit serum and 
API Staph (Biomerieux Australia Pty Ltd, Baulkham Hills, New South Wales, Australia).   
Gram positive bacilli were identified using the API Coryne kit (Biomerieux Australia Pty Ltd, 
Baulkham Hills, New South Wales, Australia).  Isolates were subcultured onto two HBA 
plates for confirmation identification using 16S rRNA.  
Genotypic identification   Isolated bacteria were further identified if possible using the 
genotypic 16S rRNA PCR (Stackebrandt et al., 1991; Muscatello and Browning, 2004).  
Briefly, the partial 16S rRNA gene sequence was compared to the GenBank® database 
using BLASTN® (National Centre for Biotechnology Information, Bethesda, Maryland, USA) 
to establish identification to species (≥99% sequence homology) or genus level (≥97% 
sequence homology).  To facilitate this, universal 16S rRNA primers (forward 5’ 
CGGCCCAGACTCCTACGGGAGGCAGCAG 3’; reverse 5’ GCGRGGACTACCA 
GGGTATCTAATCC 3’) were used to perform PCR on pure Luria broth cultures for each 
isolate.  The resulting 450-bp partial 16S rRNA gene product was examined by agarose gel 
(1%) electrophoresis with SYBR staining (Invitrogen, Mulgrave, VIC, Australia), extracted, 
purified and submitted to the Australian Genomic Research Facility DNA sequencing 
laboratory for sequencing.  The resulting partial 16S rRNA gene sequence was compared 
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to the GenBank database using BLASTN to establish identification to species (> 99% 
sequence homology) or genus level (>97% sequence homology.   Christie-Atkins-Munch-
Peterson (CAMP) tests (Quinn et al., 1994) were also conducted on these partially 
sequenced isolates on 5% sheep blood agar using a β-haemolytic Staphylococcus aureus 
strain (Genotypic identification performed by Dr G Muscatello, University of Melbourne, VIC, 
Australia). 
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4.1   Introduction 
A series of abortions occurred in mares in New South Wales during 2004 that involved 
similar and unusual findings on post mortem examination of aborted foetuses and foetal 
membranes. The term EAFL was developed to describe this form of abortion which had not 
been previously recognized in Australia (see chapter 1). The pathology alone is not specific 
for EAFL and diagnosis requires demonstration of a combination of pathological and 
bacteriological features.  The objective of this chapter was to systematically collate and 
review the histopathological findings gathered from the clinical abortion cases submitted 
during 2004. These results were an important component in the development of the case 
definition for EAFL.   
4.2   Materials and Methods  
 
4.2.1 Review of Records 
Records from Scone Veterinary Hospital and Satur Veterinary Clinic were reviewed to 
identify aborted foetuses and stillborn foals submitted from January 1 to December 31, 2004.  
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The following factors were recorded from each case if the information was available: date of 
abortion, gestational age, gross necropsy findings, histopathology findings, bacteriological 
culture results, virology results and cause of death or abortion if known (Bergin et al., 1967).  
A full post-mortem of the foetus and foetal membranes when available was performed by 
the same three veterinarians in a standardized manner similar to the methods described in 
Chapter 3. Gross descriptions of the membranes and any lesions were provided by the 
attending veterinarian.  This included visual examination of all tissues with gestational age 
estimation, and crown to rump and umbilical cord measurements. Collection of specimens 
for microbiological culture (minimum of lung and stomach contents), fresh tissue for EHV-1 
PCR (minimum of thymus and lung), and tissues in 10% formalin for histopathology 
(minimum of allantochorion, amnion, umbilical cord, lung, thymus, liver, and spleen with 
additional tissues if available) were as described in Chapter 3.   
4.2.2  Microbiology 
Specimens for culture were inoculated on horse blood agar (HBA, Oxoid®, ThermoFisher 
Scientific Australia Pty Ltd, Adelaide, South Australia, Australia) and MacConkey’s (no salt) 
Agar(Oxoid®, ThermoFisher Scientific Australia Pty Ltd, Adelaide, South Australia, 
Australia), incubated at 350C and identified to genus and species if possible (Quinn et al., 
1994).  Further identification of all Coryneform bacteria was performed by partial sequencing 
of 16S rRNA gene of the bacterial isolates as described in Chapter 3.   
4.2.3   Serology 
Leptospira titres using the microscopic agglutination test (MAT) were performed on samples 
from a single property with confirmed cases of EAFL (Cole, 1973).   
4.2.4 Virology 
Testing for EHV-1 using PCR for all cases and EVA using SNT (samples from one property 
with confirmed cases) was performed at the Equine Infectious Diseases Laboratory, 
University of Melbourne and correlated with histopathology to rule out a viral aetiology 
(Borchers and Slater, 1993; Horner and Kirkland, 2003; Diallo et al., 2006).   
4.2.5 Toxicology 
Water levels of heavy metals (independent laboratory) and coryneform toxin in pasture were 
quantified to rule out these issues as a cause for the abortions in limited cases from one 
property with confirmed cases of EAFL (Than, 1992).   
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4.2.6 Histopathology 
All histopathology was examined by the same specialist veterinary pathologist (AP Begg). 
Tissues were collected and processed as described in Chapter 3.  
4.3   Results 
 
4.3.1  Overview Application of the case definition to 85 abortions and stillbirths 
submitted between March 5 and December 1, 2004 resulted in identification of 17 confirmed 
cases (20%) and 10 suspect cases (11.8%) for a total of 27 (32%) cases.  Other causes of 
abortion and stillbirth for non-EAFL cases included cervical pole placentitis, umbilical cord 
torsion, complications from foaling, or unknown causes.  The average gestational age for all 
confirmed cases was 267 days (range 120 to 320 days) and for suspect cases 202.5 days 
(range 180 to 309 days).  The breeds represented in EAFL cases were 25 Thoroughbreds 
(93%) and 2 Quarter horses (7%).  Eight properties had confirmed and suspect cases of 
EAFL and another 8 had suspect cases.  
4.3.2 Gross Changes 
Gross pathological changes in the foetal tissues and membranes varied with the age of the 
foetus.  Specimens which were fresh with almost no change or haemorrhage on the pleura 
and amnion, or sometimes with mild interstitial oedema of the lungs, generalised vascular 
engorgement or some haemorrhage of the umbilical cord (Figure 4.01) were classed as 
acute.  Some foetuses were autolysed consistent with death in utero prior to expulsion.  
Acute cases were often associated with a younger gestational age.  Other foetuses and 
stillborn foals showing pathology of longer duration were classed as subacute to chronic 
cases and were often associated with foetuses of older gestational age.  Oedema, vascular 
engorgement and haemorrhages on the allantoic surface of the allantochorion around the 
umbilical vasculature (Figure 4.02) were often present in these cases.  Amniotic pathology 
ranged from vascular engorgement, oedema, and haemorrhages (Figure 4.02) around the 
convergence of amniotic vessels, to nodular thickenings, discolouration, areas of pallor and 
focal diphtheritic membranes (Figure 4.03).  There was usually thickening of the umbilical 
cord with oedema, vascular engorgement and haemorrhage (Figure 4.02) sometimes with 
focal diphtheritic membranes.  Foetal changes in the chronic cases ranged from generalised 
vascular engorgement and interstitial oedema of the lungs with pleural haemorrhages to 
only meconium staining of external surfaces, and more developed hair coat for gestational 
age. 
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Figure 4.02. Placenta from 253 
day foetus with subacute EAFL.  
Opaque amnion (black arrow 
head) with vascular 
engorgement and 
haemorrhages.  Thickened 
oedematous red umbilical cord 
(black arrow) with 
haemorrhages over blood 
vessels attaching to the 
allantoic surface of the 
allantochorion (white arrow 
head).   
 
Figure 4.01. Generalized erythema of 182 
day foetus with reddening and 
haemorrhage of the umbilical cord typical 
of acute EAFL (a), erythema of the allantoic 
surface of the allantochorion (b), and 
increased tortuosity of amniotic vessels (c).   
a 
c 
b 
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Figure 4.03.  Allantois, equine foetus. (a) Membranes from an 
approximate 270d gestation abortion showing chronic changes in the 
amnion and umbilical cord. Inset. Closer view of radial thickening and 
erythema around the insertion of the umbilical cord with meconium 
staining. (b)  Membranes from a 320d gestation abortion showing 
chronic changes on the umbilical cord and amnion with closer view 
(Inset).  
a 
b 
b 
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4.3.3 Histopathological Changes 
The histopathological changes occurring in both confirmed and suspect cases of EAFL are 
reported in Table 4.1. The most common pathological finding was microscopic pulmonary 
lesions consisting of acute or chronic foetal pneumonia (56%).  Inflammation of the allantoic  
Table 4.1 Histopathological changes associated with clinical cases of EAFL 
(confirmed and suspect cases) 
  
Tissue Histological 
Abnormality      
Number of casesa 
  
Lung  
No change  3 
Proteinaceous debris 8 
Pneumonia 15 
Bacteria 7 
Not submitted 1 
  
Thymus                          
lymphoid depletion 8 
  
Amnion  
No change 3 
Inflammation 13 
Bacteria 11 
Congestion only 7 
Not submitted 2 
Allantochorion  
No change 4 
Congestion 9 
Inflammation of  the 
allantoic surface 
14 
Bacteria 10 
Not submitted 3 
Umbilical cord  
No change 2 
Oedema, haemorrhage,  
congestion 
11 
Inflammation 14 
Bacteria 11 
Not submitted 5 
a confirmed and suspect cases (n = 27) 
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surface of the allantochorion and funisitis each affected 52% of both confirmed and suspect 
EAFL cases.  Amnionitis (48%), aspirated squamous epithelial cells in the small airways of 
the lungs (44%), and umbilical cord oedema, haemorrhage and congestion (41%) were the 
next most common findings.   Lymphoid depletion of the thymus was found in 30% of 
identified cases.   
4.3.4 Bacteria 
Histologically, bacteria were found in the tissues of the lung (26%), amnion (41%), 
allantochorion (37%), and umbilical cord (41%) in over one-third of both confirmed and 
suspect EAFL cases.  The most common bacteria isolated from foetal tissues is reported in 
Table 4.2 with the majority being environmental coryneforms (44%) and gram-negative rods 
(44%).  Alpha-haemolytic Streptococcus spp. was found in only 15% of identified cases. 
Environmental coryneforms are mostly found on plants and are only rarely reported as 
opportunistic pathogens in animals. (Funke, 1997)   
Table 4.2:  Bacteriological organisms isolated from clinical EAFL cases 
 
Category of  bacteria Number of casesa 
  
Environmental coryneform   
     Confirmed 11 
     Suspect 1 
  
Gram negative rod  
     Confirmed 4 
     Suspect 8 
 
Streptococcus spp.b 
 
     Confirmed 2 
     Suspect 
 
No growth 
2 
     Confirmed 
     Suspect 
1 
0 
  
 
  a confirmed and suspect cases (n = 27) with 2 mixed infections 
  b α- haemolytic Streptococcus spp.                  
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4.3.5 Case Definition 
A case definition was developed by reviewing information from records including history, 
gross and histopathologic findings, and results of microbiological tests (culture results of 
vaginal discharge from aborting mares and foetal necropsies; EHV-1 PCR) as well as limited 
toxicological (water levels of heavy metal and microbes, coryneform toxin in pasture) and 
serological (Leptospira MAT and EVA serum VNT using paired serum samples) test results.  
Criteria were established to allow classification of abortion cases as confirmed EAFL, 
suspect EAFL or non-EAFL cases. The criteria for confirmed cases required that a complete 
necropsy was performed and that all components of the case definition be met. Cases where 
only some components of the case definition were met were classified as suspect cases. 
Cases not meeting either confirmed or suspect criteria were classified as non-EAFL cases.  
The criteria for a confirmed case were:   
• a complete necropsy including gross and histological examination of the foetus, 
allantochorion and amnion as well as microbiological and virological testing,   
• absence of any evidence of other known causes of equine abortion on gross 
pathology, histopathology or other testing,  
• typical gross and histopathological changes in the amnion, amniotic portion of the 
umbilical cord and allantois,  
• absence of gross and histological evidence of significant chorionitis particularly 
cervical pole and body chorionitis (in chronic cases there may be focal severe 
chorionitis usually in the body of the chorion but this should be associated with more 
extensive, severe chronic changes in the amnion and amniotic umbilical cord and 
allantois) and  
• isolation of environmental or enteric bacteria in pure or heavy growth from culture of 
foetal stomach contents and lung.   
 
Criteria for a suspect case were: 
• absence of any evidence of other causes of equine abortion on gross pathology, 
histology, bacterial culture or virus detection; AND EITHER,    
• growth of environmental or enteric  bacteria  in pure or heavy growth from foetal 
stomach contents or lung in cases where placenta was not examined;  OR  
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• typical gross changes in amnion and amniotic portion of the umbilical cord, absence 
of pathology involving the chorion (chronic cases may be an exception), variable 
gross changes in the foetus and no samples taken for histology or culture or no 
positive culture results obtained; OR  
• typical histologic changes in the amnion, umbilical cord, foetal lung, allantois and no 
positive culture results or culture samples not taken.    
• Cases not meeting either confirmed or suspect criteria were classified as non-EAFL 
cases. 
4.4   Discussion 
 
The most common combination of abnormalities in all cases was culture of an environmental 
coryneform from lung and stomach contents without histopathologic change in the amnion, 
allantoic surface of the allantochorion, umbilical cord and lung (18%) or positive culture of 
bacteria and acute to chronic amnionitis, inflammation of the allantoic surface of the 
allantochorion, and funisitis with or without foetal pneumonia (48%).  Dates of submission 
for cases of EAFL (both confirmed and suspect cases) ranged from late April 2004 to late 
September 2004.  Abortions that occurred earlier in the year (April to June) tended to be 
associated with few gross or histopathological changes detected on post mortem 
examination of foetal and placental tissues and were frequently autolysed.  Abortions 
observed later in the year (August and September) tended to be associated with more 
chronic changes such as diphtheritic amnionitis and funisitis.  These findings appear to be 
consistent with exposure to a causal agent(s) over a brief period earlier in the year (March 
to April) with variation in appearance of aborted material depending on the time from 
exposure to abortion.   
No single pathological finding characterized EAFL with only 52% of cases having foetal 
pneumonia, funisitis, and allantoic inflammation of the allantochorion.  The most common 
bacteria were environmental coryneforms and gram negative rods (44% each) but within 
these broad groups there was significant variation in the bacteria genus and species cultured 
(Chapter 5).   Many of the cultured bacteria are commonly found in the environment and soil 
(Funke et al., 1997). The presence of funisitis, amnionitis, and inflammation of the allantois 
suggested a haematogenous route of infection (Sebastian et al., 2005).   Any abortions 
having pathology consistent with an ascending infection including inflammation of the 
chorionic villi and gross changes indicating cervical pole placentitis were excluded as per 
the case definition.   
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EAFL has been compared to MRLS in which similar reproductive pathology of foetal 
pneumonia, placentitis and funisitis are characteristic (Cohen et al., 2003b; Perkins et al., 
2007).  Equine amnionitis and foetal loss differs in a number of aspects.  Alpha-haemolytic 
streptococci were cultured from 52% of MRLS cases but the predominant bacteria cultured 
in EAFL cases were environmental coryneforms and gram negative rods (Cohen et al, 
2003b).  Fibrinous pericarditis and uveitis found in MRLS was not a feature of EAFL cases 
described in this report (Sebastian et al., 2008a). In addition current evidence does not 
indicate that EAFL has been responsible for pregnancy losses on the scale as was observed 
in the MRLS outbreaks in the 2001 and 2002 seasons (Sebastian et al., 2008a).  The cause 
of MRLS has been determined to be exposure of pregnant mares to Eastern tent caterpillar 
larvae (Malacosoma americanum) (Webb et al., 2004).  Due to the similar pathology findings 
between EAFL and MRLS it was suggested that a possible causal factor in EAFL is exposure 
to the larvae of a common Australian caterpillar, the Processionary caterpillar (Ochrogaster 
lunifer).  Experimental studies by Cawdell-Smith, 2013 show that both the exoskeleton and 
whole processionary caterpillar can cause abortion when ingested by a pregnant mare.  
Full investigation of any equine abortion including post-mortem, histopathology, and 
bacteriological and virological testing is vitally important to any equine breeding program.  
Financial constraints often prevent horse owners from fully investigating all equine abortions 
on their property; therefore, the cumulative incidence of EAFL is likely higher than the 32% 
calculated for 2004 submissions.  For instance during 2004, on one EAFL affected property, 
a further 6 abortions occurred but were not submitted for investigation due to financial 
constraints.   Equine abortions with similar findings have occurred in other breeds of horses, 
in other regions of NSW (A.P. Begg pers. comm.), as well as in Queensland and Victoria 
(N.R. Perkins pers. com.) both in 2004 and in previous years.   
4.5 Conclusion 
 
This chapter has described typical features observed in clinical cases of equine abortion 
attributed to EAFL and has presented a series of criteria for a case-definition to classify a 
clinical equine abortion case as either a confirmed or suspect case of EAFL.  This is the first 
such description of this form of equine abortion in Australia and will assist veterinarians in 
managing and investigating equine abortions. 
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5.1 Introduction   
 
The initial link between early clinical cases of EAFL was the culture of atypical environmental 
coryneforms from the stomach contents and/or lungs of foetuses aborted on different 
properties.  Histopathologic findings in mid-term gestation foetuses (acute cases) were often 
non-specific for a cause of death.   More chronic changes in foetal membranes associated 
with bacterial infection were found as gestation length increased.  The locations of both the 
acute and chronic changes in the foetal membranes suggested a non-ascending routine of 
infection.   
Chapter 2 detailed the many bacteria which have been associated with both ascending and 
non-ascending routes of fetoplacental infection. With the more atypical and less common 
organisms associated with placentitis and abortion (focal mucoid placentitis and MRLS) the 
route of infection is still unknown.  The purpose of this chapter is to detail the bacteria 
isolated from the original confirmed and suspect clinical cases of EAFL described in Chapter 
4.   
5.2 Materials and Methods   
 
All foetuses and foetal membranes (if available) were presented for post-mortem at two 
specialist equine veterinary clinics between early March and late October 2004 as detailed 
in Chapter 4.  Application of the case definition for EAFL found 17 confirmed cases and 10 
suspect cases ranging from 120 days gestation to 320 days gestation (Chapter 4).  
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5.2.1  Bacteriology   
Foetal lung and stomach contents were routinely collected and processed for culture of 
aerobic and microaerophilic bacteria as detailed in Chapters 3 and 4. Other foetal tissues 
variably collected were heart blood, amniotic fluid, pericardial fluid, allantochorion and liver.   
5.2.2   Virology 
Fresh foetal lung and thymus or placenta (if foetus not available) were pooled and tested for 
EHV-1 by PCR as well as examination of lung, thymus, spleen, liver, and kidney by 
histopathology as detailed in Chapter 4 (Diallo et al., 2006).   Positive EHV-1 foetuses or 
those with histopathologic evidence of ascending placentitis were excluded as laid out by 
the established case definition for EAFL in Chapter 4. 
5.3 Results  
 
The bacteria isolated from both confirmed and suspect cases of EAFL are presented in 
Table 5.1.  Gram-positive rods from the order Actinomycetales were isolated from 40% of 
the combined suspect and confirmed EAFL cases. Early acute cases of EAFL were defined 
by the presence of coryneform bacteria without histopathologic changes within the foetus or 
foetal membranes (Chapter 4).  Microbacterium arborescens, (2 isolates with 100% 
sequence homology GenBank accession numbers JQ082449 & JQ082453) and 2 isolates 
with 99% sequence homology (GenBank accession numbers JQ082452 & JQ082454) and 
Cellulomonas spp. were the most frequently isolated bacteria (4 cases each). Other genera 
within the Actinomycetales order were also isolated specifically Arthrobacter spp. (2 isolates, 
one identified as Ar. gandavenis, 99% sequence homology; GenBank accession number 
JQ082451), and Cellulosimicrobium sp. (98% sequence homology with C. cellulans and C. 
funkei; GenBank accession number JQ082450).   The four Microbacterium arborescens 
isolates, the Cellulosimicrobium sp. and one Arthrobacter sp. were originally identified as 
Cellulomonas sp. by using the API Coryne ID system (Biomerieux Australia Pty Ltd, 
Baulkham Hills, New South Wales, Australia) but were reclassified based on 16S rRNA 
sequencing.   
All M. arborescens isolates were seen to be CAMP positive, with clear haemolysis at the 
interface between the bacteria and the S. aureus evident on sheep blood agar, whilst all 
other coryneforms tested CAMP negative.  The remaining isolates were a mixture of enteric 
Gram-negative oxidase-positive and oxidase-negative organisms (40% of cases) and a 
variety of Streptococci (20% of cases).   The mixed infections in suspect cases were non-
119 
 
typable Gram-negative rods/ α-haemolytic Streptococcus sp., Enterobacter sp. / β-
haemolytic Streptococcus sp. and E coli / α-haemolytic Streptococcus sp. The one mixed 
infection in a confirmed case was Streptococcus suis biotype 1 / Cellulomonas sp. 
Table 5.1:   Bacterial isolates from confirmed and suspect clinical cases of EAFL in 
2004.  
 
Gram morphology      Bacteria isolated   no. cases a  EAFL status 
 
Gram-negative bacilli    
 
   Escherichia coli    2   S,S 
   Actinobacillus sp.    1   S 
   Gram negative rod-no id   1   S 
   NF Gram negative rod-not typable  2   C,C 
   Enterobacter spp.    3           S,S,C 
   Proteus spp.     2   S,S 
   Stenotrophomonas maltophilia  1   C 
 
Gram-positive cocci 
 
   Streptococcus suis (biotype 1)  1   C 
   Staphylococcus sp. coagulase neg  1   S 
   Streptococcus spp. αH NT   3          S,S,C 
   Streptococcus sp. βH group C   1   S 
 
Gram-positive bacilli  
 
   Cellulomonas spp.    4       C,C,C,C 
   Microbacterium arborensis b   4       C,C,C,C 
   Coryneform     1   S 
   Cellulosimicrobium sp. b   1   C 
   Arthrobacter spp. b    2   C,C 
 
No growth        1   C 
 
 
a 17 confirmed cases, 10 suspect cases. 4 had mixed infections (3 suspect, 1 confirmed).   
b Identified by partial sequencing of 16SrRNA gene (1 Arthrobacter sp. not done). 
C confirmed case; S suspect case; αH alpha-haemolytic; βH Beta-haemolytic; NF non-fermentative; 
NT non-typable Lancefield group 
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5.4 Discussion   
 
In the clinical cases of EAFL, there was no single organism that was associated with the 
changes noted within the amnion, allantochorion, and umbilical cord.  Rather many 
environmental and enteric bacteria rarely considered pathogenic to the horse were isolated. 
In contrast, previous retrospective studies of equine abortion found bacterial commensals 
of the female urogenital tract were most commonly associated with placentitis-related 
abortion (See Chapter 2; Giles et al., 1993; Hong et al., 1993; Tengelson et al., 1997; 
Donahue and Williams, 2000; Smith et al., 2003; Szeredi et al., 2008).  More recently, 
environmental bacteria have been increasingly reported as a cause of equine abortion and 
placentitis associated with focal mucoid placentitis (Donahue and Williams, 2000; Williams 
et al., 2005; Bryant, 2008).  The bacteria isolated are primarily from the order 
Actinomycetales and include a number of species including Crossiella equi and 
Amycolatopsis spp. (Chapter 2; Donahue et al., 2002; Lebeda et al., 2003). 
MRLS is also caused by ingestion of caterpillars with non-β-haemolytic Streptococcus spp. 
(Streptococcus bovis or unidentified Streptococcus spp. closely related to Streptococcus 
mutans) isolated from 50% of MRLS related abortions and 13% yielded Actinobacillus spp.  
Other bacteria cultured in a low number of cases included E. coli, Pantoea agglomerans, 
Serratia marcescens, Aeromonas spp., Enterobacter spp., Acinetobacter spp., β-haemolytic 
Streptococcus spp., Staphylococcus spp. and other coliforms (Donahue et al., 2003). The 
Gram-positive cocci and Gram-negative rods isolated from single EAFL cases were similar 
to those isolated in MRLS. . Many of these bacteria are commensals of the equine alimentary 
tract and the upper respiratory tract including the oropharynx and include coagulase-
negative Staphylococcus spp., Enterobacter spp., α-haemolytic Streptococcus spp., E. coli, 
non-haemolytic Streptococcus spp., Actinobacillus equuli and Stenotrophomonas 
maltophilia (Bailey and Love, 1991; Hoquet et al, 1985; Boguta et al., 2002; Endo et al., 
2007). These findings support the contention that opportunistic bacteria from the pharynx 
and/or alimentary tract are associated with caterpillar ingestion and the induction of EAFL 
and MRLS (Sebastian et al., 2008; McDowell et al., 2010).  The absence of cervical pole 
lesions in clinical cases of EAFL and MRLS (Chapter 4; Williams et al., 2003; Sebastian et 
al., 2008) excludes ascending infection by bacteria despite the isolation of recognised 
causes of cervical pole placentitis such as E coli, Actinobacillus spp., Streptococcus spp. 
and Pseudomonas spp  (Macpherson, 2006). 
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The isolation of environmental coryneforms from approximately 40% of EAFL cases is in 
distinct contrast to MRLS where no such bacteria were reported (Donahue et al., 2003).   
The environmental coryneforms consisted of several genera within the suborder 
Micrococcineae of the order Actinomycetales and their habitat is soil, activated sludge and 
the inanimate environment (Funke et al., 2007).  Microbacterium spp. isolated are yellow or 
orange pigmented fermentative Gram-positive rods (Funke et al., 2007). This genus is 
considered ubiquitous in the environment, including soil and sewage and species have been 
isolated from the environment including clean rooms (Funke et al., 2007; La Duc et al., 2007; 
Dastager et al., 2008; Vaz-Moriera et al., 2008). Cellulomonas spp. are found in soil, 
compost and trees (Elberson et al., 2000; Kang et al., 2007; Ohtaki et al., 2009).  
Cellulosimicrobium cellulans, formerly Cellulomonas cellulans and originally Oerskovia 
xanthineolytica, can be isolated from soil, water and grass clippings (Lechevalier et al., 1972; 
Shumann et al., 2001).  Arthrobacter spp. are widely found in soils (Andrew et al., 2003; 
Storms et al., 2003). 
It is unknown whether these environmental Actinomycetales are present in the normal 
equine bacterial flora but have been identified in the normal gut flora from insects. These 
bacteria are unreliably identified using traditional biochemical and morphological systems 
as was shown here using the API Coryne assay (AP Begg, pers comm.).  Consequently, 
these bacteria may have been classed as Corynebacterium spp. when recovered from the 
oropharynx of normal horses and conjunctiva (Bailey and Love, 1991; Andrew et al., 2003). 
It is also not clear whether these bacteria are normally associated with Processionary 
caterpillars in Australia.  Microbacterium spp. have been isolated from the hindgut of 
Lepidopteron (gypsy moth) larvae,, Arthrobacter sp. have been isolated as part of the normal 
flora of the third instar larva of Thaumetopoea pityocampa Den. and Schiff. (Pine 
processionary caterpillar) and Arthrobacter gandavensis, Arthrobacter gandensis, 
Cellulomonas sp., and Streptomyces sp. have been isolated in the gut of the larvae of click 
beetles (Agriotes lineatus) (Broderick et al., 2004; Agah ince et al., 2008; Danismazoglu et 
al., 2012).  The presence of these coryneforms in insect larvae would suggest that these 
bacteria have a close interaction with insect larvae and their environment.   
Infections in humans and animals by these environmental coryneforms are rare. Isolation of 
these organisms from clinical specimens may be dismissed as contamination due to the site 
of infection, collection technique or inability of routine biochemical identification systems to 
definitively identify these organisms. Microbacterium spp. are rarely reported as causing 
disease in humans with most isolates from blood, deep wounds, or indwelling devices 
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(Funke et al., 1995; Lau et al., 2002; Gneiding et al., 2008). Microbacterium arborescens 
was previously classified as Flavobacterium arborescens and there are few reports of this 
organism causing disease in humans (Funke et al., 1995; Imai et al., 1984).  Microbacterium 
oxydans was recently reported as a cause of focal mucoid placentitis in a mare in Australia 
(Chopin et al., 2010).  Infection with Cellulomonas spp. is rarely reported in humans with 
only 6 cases in the literature associated with meningitis, endophthalmitis, cholecystitis, 
endocarditis, and cholangitis (Funke et al., 1995; Salas et al., 2014).   Cellulosimicrobium 
cellulans was first isolated from an equine foetus in Australia in 1982 , but since 2004, it has 
been recognised occasionally  as cause of equine abortions due to focal mucoid placentitis 
in Kentucky and was reported in association with this placental lesion in Australia in 2010 
(Thomas and Gibson, 1982; Bolin et al., 2004; Williams et al., 2005; Chopin et al., 2010).  
Arthrobacter spp. infections in animals are rarely reported but Arthrobacter gandavensis was 
isolated and described from dairy cows with mastitis and from the uterus of one cow with 
endometritis (Storms et al., 2003). Isolation from humans is rare and usually from blood or 
deep wounds (Mages et al., 2008).   
The frequency of isolation of environmental coryneforms like Cellulomonas spp., 
Arthrobacter spp., and C. cellulans from clinical equine specimens such as nasal and ocular 
swabs, blood cultures and joint fluid from septic arthritis is low compared to commensal 
bacteria of horses such as Actinobacillus spp. and Streptococcus spp. (A.P. Begg, 
unpublished data). Routine diagnostic specimens from horses may occasionally isolate 
these uncommon bacteria such as C. cellulans isolated from the tendon sheath of a 2-year-
old horse with tendosynovitis and a Cellulomonas sp. /Microbacterium sp. from an equine 
corneal ulcer (A.P. Begg, unpublished data). It is possible that some of the incompletely 
classified Corynebacterium spp. isolated from 13.5% of bacteraemic foals with neonatal 
diarrhoea in the USA and from one blood culture from a critically ill neonatal foal in Australia 
(Hollis et al., 2008; Russell et al., 2008) were these bacteria.  The significance of such 
findings can be difficult to interpret if part of a polymicrobial infection or the site has a strong 
possibility of environmental contamination.  These factors may be reasons that clinical 
infection in horses with this group of bacteria is likely under recognised and under reported. 
The isolation of environmental coryneforms from EAFL clinical cases and not in MRLS cases 
is unclear. Environmental differences in geography, soils, climate or vegetation may produce 
regional differences in the microbiota of horses or differences in the ecology and microbiota 
of the caterpillars and their environment.  This geographic difference can be seen in the 
range of bacteria which have been isolated in cases of focal mucoid placentitis which have 
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had a similar spectrum of bacteria as EAFL including Microbacterium sp., 
Cellulosimicrobium cellulans , and Enterobacter spp in Australia, France and England, but 
in Kentucky and Florida  in the USA, Northern Italy and South Africa  the lesion has only 
been reported to be caused by Actinomycetes which includes Nocardia spp, Amycolatopsis 
spp, and Crossiella spp (Donahue and Williams, 2000; Volkmann et al., 2001; Smith et al., 
2003; Bolin et al., 2004; Cattoli et al., 2004; Christensen et al., 2006; Labeda et al., 
2007;Chopin et al., 2010; Laugier et al., 2011).   As with EAFL and MRLS, the route of 
transmission in focal mucoid placentitis cases had not been determined despite 
experimental attempts to reproduce the lesion using Crossiella spp (Canisso et al., 2014).  
 
The incorrect identification of 6 Cellulomonas spp. using the API Coryne system and 
reclassification by using 16S rRNA technology in this study highlights the difficulty in correctly 
identifying these bacteria using commercial identification systems.  These systems often lag 
behind the rapidly changing taxonomy of these bacteria and increasing description of new 
species and genera (Salas et al., 2014).  The CAMP positive reaction noted with all M. 
arborescens isolated from EAFL cases in this study was an interesting but not an unusual 
laboratory finding for this species, with previous studies identifying some CAMP positive M. 
arborescens recovered from environmental and clinical sources (Funke et al., 1995).   The 
CAMP test may be a useful and simple means for the laboratory diagnostician to identify 
suspect M. arborescens isolated from aborted equine placental or foetal tissues. 
 
The lack of growth from one case despite histopathologic evidence of bacteria highlights the 
need for a multidisciplinary diagnostic approach to confirm EAFL as established in the case 
definition (Chapter 4).   The lack of growth may be related to the difficulty in isolating more 
fastidious bacteria by routine methods particularly with commercial veterinary constraints.  A 
recent study found that two-thirds of bacteria associated with amniotic infection in humans 
and isolated by culture-independent methods (clone analysis, 16S rRNA sequencing) had not 
previously been cultivated or were bacteria difficult to cultivate; demonstrating that the true 
prevalence of amniotic infection is higher than previously found using culture-dependent 
methods (Han et al., 2009). These authors were able to show that the most frequently isolated 
bacterium using culture-independent methods was an oral opportunistic organism, 
Fusobacterium nucleatum, the pathogenicity of which was confirmed in a mouse abortion 
model following intravenous injection (Han et al., 2004; Han et al., 2009).  As  molecular 
techniques  evolve and these culture-independent methods of detection become more widely 
available and affordable for veterinary specimens, the role oral and enteric commensal 
124 
 
bacteria play in equine abortion syndromes like EAFL and MRLS  may be further explored 
and defined, including their translocation into the foetus.  
 
5.5 Conclusions 
 
 The predominant type of bacteria isolated from EAFL were environmental coryneforms, 
demonstrating a regional difference to MRLS in USA, but it is important to note that a variety 
of bacteria including enteric commensals were associated with the characteristic 
histopathological changes outlined by the case definition. This highlights the need for 
multidisciplinary diagnostic methods including bacteriology and histopathology on foetal 
membranes and foetuses to confirm EAFL and to exclude other possible causes of abortion.   
The range of bacteria isolated and their ecology support an opportunistic pathogenesis of 
infection associated with caterpillar ingestion. How the bacteria come to localise in the 
placenta and foetus is unclear and it is important to know what role they play in determining 
the pathology seen and the syndrome outcome.  These questions are addressed in the 
following Chapters.  
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6.1 Introduction 
 
The pathology and microbiology associated with clinical cases EAFL have been discussed 
in previous chapters.  This chapter will detail the histopathology associated with 
experimental exposure of mid-term pregnant mares with emulsified whole processionary 
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caterpillars (PC), the cause of EAFL (Cawdell-Smith, 2013b).   Clinical cases are postulated 
to be caused by the ingestion of shed exoskeletons by pregnant mares during normal 
grazing following distribution over pasture however; in these experimental studies, exposure 
was achieved by direct gavage into the stomach (Cawdell-Smith et al, 2012).   Before 
describing the outcomes of the experiments detailed in this and the following chapter, it is 
relevant to provide an overview of the pathology associated with EAFL and the conditions 
occurring following exposure to the Processionary caterpillars. 
 
6.1.1 Lesions associated with EAFL 
Necropsy of clinical cases revealed two forms of EAFL; acute mid-term abortions and late 
term abortions with chronic changes (Chapter 4).   Acute abortions generally have no gross 
or histological lesions with only isolation of atypical bacteria, often environmental 
coryneforms (Chapter 5).   Chronic lesions encompass the EEC of the allantochorion, 
allantois, amnion, and umbilical cord.  Grossly these manifest as thickening of the allantoic 
surface of the allantochorion, amnion, and umbilical cord.   Lesions on the amnion are often 
restricted to a 30 cm radius around the umbilical cord and amniotic vessel convergence and 
can include thickening, increased opacity, or more chronic nodular thickening, increased 
vascular tortuosity, and diphtheritic membrane extending from the amnion down the amniotic 
section of the umbilical cord (Chapter 4).  
 
Histologically, there can be acute amnionitis characterized by variable amounts of fibrin and 
neutrophils within the coelom, neutrophil infiltration of the allantoic surface and vasculitis 
with thrombosis. Acute funisitis manifests as acute superficial infiltration of the umbilical cord 
by neutrophils, acute neutrophilic vasculitis of surface vessels, oedema, fibrin and 
inflammatory cells within the EEC. The allantois is acutely affected with acute patchy 
neutrophil margination and migration within the allantoic vessels, variable fibrin and 
neutrophil exudation within the EEC, along with neutrophil infiltration of the allantoic surface 
(Chapter 4).    Chorionic involvement depends on the degree of inflammation affecting the 
EEC and allantois (Chapter 4).  Chronic inflammation can vary but generally includes 
presence within the stroma of the amnion, umbilical cord, allantois, coelom and chorionic 
stroma of increased numbers of plasma cells, lymphocytes, and macrophages and lesser 
neutrophils.  Some degree of capillary and fibroblast proliferation is present either 
multifocally or diffusely within the chorionic stroma and/or allantois.    
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6.1.2   The Processionary caterpillar (Ochrogaster lunifer)  
 
Processionary caterpillars were chosen for these experiments on the basis of the early 
epidemiological investigations in 2004 showing the presence of these caterpillars at some 
time during the year was a risk factor for abortion (Chapter 1).  Processionary caterpillars 
(Figure 6.01), are members of the subfamily Thaumetopoeidae, and have several urticating 
species found worldwide as well as Australia (Diaz, 2005).   Members have true setae, 100-
500 µm long and 3-10 µm in width with barbs along the shaft and a hollow interior located 
on the ventral surface in setae fields termed mirrors (Battisti et al., 2011).   There are 
approximately 650000-1,000,000 setae per caterpillar (Battisti et al., 2011).    With each 
larval moult the setae are shed with the old exoskeleton and remain in the environment 
within nest material and soil which are distributed around the base of trees as the nest 
breaks down or the soil is disturbed (Battisti et al., 2011).    Research on Thaumetopoea sp. 
shows its setae are composed of a chitin skeleton with a protein matrix covered by tannin-
bound lipoproteins, wax, and mucopolysaccharides (Battisti et al., 2011).    Syndromes 
reported after contact with processionary caterpillars include erucism (dermal urticaria), 
ophthalmia nodosa, and lepidopterism (systemic illness with various manifestations) (Diaz, 
2005).   
 
 
It is still unclear how ingestion of caterpillars by mares causes abortion in EAFL or MRLS or 
the effect, if any, on the mare’s GIT and other organs.  In MRLS, the pathological effect of 
the Eastern tent caterpillar (Malacosoma americanum) in mares has not been reported 
Figure 6.01.  
Processionary 
caterpillars 
(Ochrogaster 
lunifer) on the 
trunk of a tree. 
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except for limited observations in one mare. (Sebastian et al, 2008)    The objective of this 
study was to further elucidate the pathogenesis of EAFL by describing the histopathology of 
mares during mid-gestation following gavage with PC and euthanasia on sequential days 
during and after treatment. The implications for the foetal-placental unit are described in 
Chapter 7. 
6.2 Materials and Methods  
 
The Standardbred mares examined in this study participated in an experimental program 
that sought to establish the relationship between PC ingestion and the occurrence of EAFL.  
The experiments were approved by the University of Queensland Animal Ethics Committee 
and are reported in Cawdell-Smith (2013).  
 
6.2.1 Study Population 
Australian Standardbred mares of mixed ages and parity were acquired for these 
experiments.  Breeding history was a mixture of uni- and multiparous mares.  All animals 
were bred to the same stockhorse stallion and scanned positively for pregnancy at 30 days. 
Mares were current with vaccinations and had been dewormed at least 30 days prior to 
participating in these experiments with an ivermectin preparation.  
During the course of the experiment the horses were kept in stalls within the same 
conditions, fed hay and water ad libetum.  Further information on the husbandry is reported 
(Cawdell-Smith, 2013).   
Three experiments were undertaken using whole caterpillar or caterpillar exoskeleton, 
emulsified in 500ml distilled water in a laboratory blender, and gavaged directly into the 
stomach of the mares.  The mares were all exposed to PC in mid-gestation (128-252 days) 
as follows: 
Experiment 1 consisted of 2 groups of 4 mares gavaged by nasogastric tube with either 
500ml of distilled water (controls) or 100g whole PC emulsified in 500ml of distilled water 
daily for 5 days. 
Experiment 2 consisted of 4 groups of 3 mares gavaged with distilled water (controls), or 
either 1g, 2g, or 5g of caterpillar exoskeleton emulsified in 500ml of distilled water once daily 
for 5 days.   
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Experiment 3 consisted of 3 groups (A, B, C) of  mares undergoing gavage with 500ml 
distilled water (controls Group A), or 50g whole PC (Group B) emulsified in 500ml distilled 
water once daily for 5 days. Groups A and B both consisted of 6 pregnant mares which had 
never been exposed to caterpillars.  In contrast, in their previous pregnancy, Group C mares 
(4 mares from Experiment 2) had been exposed to caterpillar exoskeleton, rebred, and were 
back in foal when recruited for Experiment 3*.   
*It should be noted that only mares in Experiments 1 and 3 were selected for the studies 
outline in this chapter (Table 6.1). However, the foetal-placental unit from all mares in the 3 
experiments were examined in Chapter 7.   
 
All mares in each experiment were housed and managed the same and monitored daily by 
clinical examination, haematology and ultrasonography.  
The mares examined in the study are detailed in Table 6.1.  The untreated mare 1 was 
randomly selected from Experiment 3-Group A controls.  Mares 2, 3, and 5 participated in 
Experiment 3.  Mares 2 and 3 were from Group B and mare 5 was from Group C.  These 
mares were euthanized on sequential days as per the study protocol.  Mares 4 and 6 were 
from Experiment 1 and mare 7 was from Experiment 3-Group C. These mares were 
euthanized for humane reasons as detailed in Table 6.1.   The foetuses of mares 1, 2 and 
4 were alive at the time of euthanasia.  The foetus of mare 3 had no detectable heartbeat 
on ultrasound 2 days prior to euthanasia but had not yet been expelled.  Mares 5, 6 and 7 
aborted their foetuses prior to euthanasia.  Mare 7 retained the foetal membranes for 12 
hours post abortion.  A number of the mares experienced a transient urticarial reaction 
following gavage with caterpillar slurry (Table 6.1).  
 
6.2.2 Post Mortem Examination and Sample Collection: 
Post-mortems were carried out in a systematic manner for each mare as detailed in Chapter 
3.   Variable tissues are not available from treated mares 4 and 6 due to the unexpected 
outcome of colic and euthanasia without a necropsy protocol specific for these experiments 
in place.  Total parasite burden was not quantified for the untreated or experimental mares.   
Necropsy and histopathology of the in-utero or aborted foetuses and placental membranes 
are described in Chapter 7.  
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6.2.3 Histopathology 
 
Tissues were collected and processed as described in Chapter 3.  All tissues were examined 
for inflammation, the presence of setae and any reaction to the presence of setae.  Setal 
fragment numbers were semi-quantified as follows: no setae found (neg); 1-5 setal 
fragments-low; 6-10 setal fragments-moderate; or >10 setal fragments- high.  Any other    
abnormalities were noted.  Well established descriptions in the literature were used as a 
comparison to assess normal changes and normal cellular infiltrates in tissues (Gomez- 
Cuetara et al., 1995; Well et al., 1997; Collobert-Laugier et al., 2002; Packer et al., 2005; 
Abd-Elnaeim et al., 2006; Steinbach et al., 2006; Du Toit et al., 2007; Jischa et al., 2008; 
Hopster-Iversen et al., 2011; Snider et al., 2011; Walter et al., 2012)  along with tissues from 
the untreated mare.  Additional specific sections were stained with TB for mast cell presence 
within the tissues or with Gram-stain to confirm microorganism morphology if detected.  
 
For comparison a whole PC collected for use in the above experiments was processed as 
described in Chapter 3.  Slides were stained using HE and TB and used as a standard for 
setae morphology and staining characteristics.   
6.3 Results   
 
6.3.1 Caterpillar setae    
 
Sections of the caterpillar showed large numbers of true setae present within multiple ventral 
depressions in the cuticle suggestive of the described mirrors (Figure 6.02).  These setae 
were golden and refractile with sharp tapered ends measuring approximately 120 µm in 
length.  Short angled barbs were present along the shaft, longer at the anterior end to barely 
present at the posterior end (Figure 6.02b). Setae diameter ranged from 3-10 µm with a 
hollow interior.  Many setae were fragmented and lost during processing.   Multiple locations 
on the outer cuticle had fractured shafts of larger hair-like structures up to 35 µm in diameter 
with golden parallel walls and central eosinophilic interior (not depicted).  
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Table 6.1. Study population and treatment outcomes of pregnant mares euthanased for histopathological examination after 
experimental gavage with processionary caterpillars a 
Mare 
number  
Age 
(years) 
Parity  Gestational 
Age at 1st 
Treatment 
Experiment 
And 
(group) 
Number 
 Of 
treatments 
Daily 
Dose 
WC 
(g) 
Treatment 
reaction 
Foetal 
status at 
euthanasiad 
Euthanasia  
day from 
1st  
treatment 
Reason 
for 
Euthanasia 
1 6 M 225 3(A) 0 0 none Alive 5 EP 
2 6 M 252 3(B) 2 50 pruritic Alive 2 EP 
3 6 M 231 3(B) 3 50 none Dead not 
expelled 
4 EP 
4 8 M 194 1 5 100 Wheals  Alive 8 Colic 
5 12 MP b 128 3(C) 5 50 wheals facial 
oedema; off 
feed 
Aborted (10) 10 EP 
6 10 M 195 1 5 100 wheals Aborted (9)  12 Colic 
7  14 MP c  183 3(C) 5 50 none Aborted (22) 
e 
24 Endometritis, 
laminitis 
 
a M, maiden mare; MP, multi-parous mare; WC, whole caterpillar; EP, experimental protocol.  
b    In the previous pregnancy, Mare 5 received  2g caterpillar exoskeleton and delivered a full-term foal which died within 2 days of 
parturition. 
c  In the previous pregnancy,  mare 7 received 1g of caterpillar exoskeleton and had a premature foal.  
d   Number in brackets corresponds to day aborted after 1st treatment. 
e   foetal membranes retained for 12 hours post abortion.  
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6.3.2 Untreated mare  
 
Setae were not found in mare 1.  Cell populations of the intestinal tract were similar to normal 
equine tissues without presence of neutrophils in the mucosa or submucosa (Packer et al., 
2005; Hopster-Iversen et al., 2011).   Draschia megastoma was identified within the lumen 
of the stomach and ciliates were present within the intestinal lumen (Gardiner, 1999).   
Individual small strongyle larvae were present in the deep mucosa of the duodenum and left 
dorsal colon and another on the mucosal surface of the caecum with mild mucosal 
disruption.  Eosinophil numbers varied from 1-5/hpf in the deep mucosa of the small intestine 
to >30/hpf in the large colon.  Submucosal eosinophils varied from 5-20 in the small intestine 
to 30-50/hpf in the large colon. Eosinophils were generally confined to submucosal areas 
directly adjacent to the muscularis mucosae.  Mare 1 was 260d pregnant at the time of 
euthanasia and microcotyledon development was equivalent to descriptions of mares at this 
stage of pregnancy (Abd-Elnaeim et al., 2006).   Neutrophils were not a feature of the uterine 
tissue.   Mast cells were present in low numbers within the duodenum (1 per 10-400x fields).  
Within the left dorsal colon however; mast cells were within the mucosa at a rate of 
approximately 20/400x field and in the submucosa at >10/hpf.  The uterus of the untreated 
mare exhibited rare mast cells primarily located within the deepest areas of the stratum 
spongiosum adjacent to vessels.    
 
A detailed description of the gross and histopathological lesions of treated mares is 
described in this section.  Additional photomicrographs of selected mare tissues appear in 
Appendix III.  
a b 
Figure 6.02. (a) Cuticle, Processionary caterpillar; caterpillar mirror (M) location as a ventral 
depression within the outer cuticle (C) with hundreds of individual and tightly packed true 
setae (arrows). HE. (b) True setae, Processionary caterpillar; higher magnification of individual 
setae in (a) transected longitudinally showing sharply defined refractory golden walls, short 
retrograde barbules and hollow interior with variable eosinophilic staining. HE. 
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Gross lesions    At necropsy, mare 5 had linear erosions of the distal oesophagus as well 
as multifocal to coalescing ulcerations of the non-glandular stomach focusing around the 
cardiac sphincter (Figure 6.03).   Mares 4 and 6 exhibited mild to moderate hyperaemia of 
the small and large intestine.  
 
Histological Lesions Setae were found throughout the tissues of exposed mares 
frequently accompanied by an inflammatory reaction. Detailed tissue histopathology of 
collected tissues is described below and a summary of relative numbers for setal fragments 
found in tissues is shown in Table 6.2.  Setal fragment numbers on average were highest in 
the large colon followed by the glandular stomach.  The non-glandular stomach and cecum 
had moderate numbers while the small intestine, small colon, uterus and lymph nodes had 
 
   
 
 
 
 
 
 
 
 
6.3.3 Treated Mares 
 
a 
b 
Figure 6.03.  (a) Oesophagus, horse, M5. Linear erosions of the epithelium of the distal 
oesophagus. HE. (photo courtesy of AJ Cawdell-Smith, 2013).  (b)  Stomach, horse, M5. 
Multifocal to coalescing erosions and ulceration of the non-glandular stomach. HE. 
(photo courtesy of AJ Cawdell-Smith) 
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low numbers of fragments. Setal fragments were not found in the spleen or kidney of any 
mare where tissue was available.  Mares dosed with 100g of whole caterpillar had greater 
numbers of setal fragments in the gastrointestinal tract and uterus (Mare 6).   Setae fragment 
size ranged from the entire barb of greater than 100 µm in length to the smallest setal 
fragment of 7 µm in length with fragments in cross-section, transverse, and oblique 
orientation.  Tissues around the anterior end of lengthy setal fragments frequently had a 
“pinched” appearance with occasional protruding barbs.    Results for inflammation within 
selected tissues of the treated mares are summarised in Table 6.3.  
 
Oesophagus   Oesophageal tissue was not collected from Mares 4 and 6.  Mare 3 was the 
only mare with setal fragments embedded in the epithelium with reactions ranging from 
unapparent (Figure 6.04a) to focal necrosis and microabscess formation around the setae 
(Figure 6.04b). Lesions in the remaining mares included no obvious abnormalities (Mare 2), 
multifocal areas of bulla formation and ballooning degeneration of the superficial epithelium 
(Mare 7, Figure 6.04c), and multifocal extensive ulceration with complete loss of the 
epithelium to the level of the lamina propria with neutrophilic inflammation and bacterial 
colonisation of the deeper layers (Mare 5, Figure 6.04d).   
 
Non-glandular Stomach   Severe erosions involving incomplete superficial epithelial loss 
and deep ulcerations to the level of the lamina propria with neutrophilic inflammation were 
present in 3 mares (Mares 4, 5, 6) with setal fragments in all tissue layers (Figure 6.05).  
Bacterial colonization of the superficial epithelium without evidence of inflammation was 
present in 2 mares (Mares 2 and 3, Figure 6.06) of which 1 (Mare 2) had multifocal superficial 
erosions with setae present in both the epithelium and underlying lamina propria.  Mare 4 
had multifocal microabscesses in the muscular externa but in other areas had setal 
fragments without obvious reaction (Figure 6.07).  The remaining mare (Mare 7) had a mixed 
population of lymphocytes and plasma cells with rare neutrophils within the lamina propria 
without setal fragments. 
 
Glandular Stomach   Setae fragments and variable inflammation were present in all treated 
mares. Setae were located in all layers of the glandular stomach from the mucosa to the 
serosa with partial vascular penetration to intraluminal presence (Figure 6.08).  Reaction to 
setae was frequently mononuclear with fibrin, lymphocytes, and macrophages as well as 
occasional multinucleated giant cells (Mares 4 and 7, Figures 6.09, 6.10).  There were low 
numbers of neutrophils around the deeper pits (Mares 2, 3, 6, 7) and mild epithelial necrosis  
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Table 6.2.  Relative setal fragment numbers within tissues of pregnant mares after experimental gavage with processionary 
caterpillars a  
  
Mare 
Number 
Daily 
Dose 
WC 
(g) 
NG 
Stomach 
GL 
Stomach 
Small 
Intestine 
Cecum Large 
Colon 
Small 
Colon 
Splee
n 
Liver Kidney Lymph 
Nodes 
Uterus 
1 0  0 0 0 0 0 0 0 0 0 0 0  
2 50 + + + ++ +++ + 0 + 0 + + 
3 50 + ++ + + ++ + 0 0 0 0 + 
4 100 +++ +++ + ++ NA NA 0 + 0 + NA 
5 50 + + + ++ +++ ++ 0 0 0 + + 
6 100 ++ +++ + ++ +++ NA 0 ++ NA + +++ 
7 50 + ++ + + ++ + 0 + 0 + + 
 
a   WC, Whole caterpillar; NG, Non-glandular; GL, glandular; NA, not available;  (0), none; ( +), 1-5 setal fragments in the tissues; ( ++), 6-
10 setal fragments in tissue; (+++), >10 setal fragments in the tissues. 
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Table 6.3:   Distribution of inflammation and setal fragment locations within the 
tissues of pregnant mares after experimental gavage with processionary 
caterpillarsa   
 
Mare 
Number 
Experiment 
And 
(group) 
Daily 
Dose WC 
(g) 
Euthanasia  
day from 
1st  
treatment 
Aborted GIT 
Inflam 
Uterine 
Inflamb 
Setae 
1c 3(A) 0 5 No Neg Neg 
 
Neg 
2 3(B) 50 2 No Acute 
+ 
St, SI, LI, Lv, LN, 
Ut 
3 3(B) 50 4 No Acute 
++ 
St, SI, LI, Ut 
4 d 1 100 8 No Acute NA 
 
St, SI, LI, Lv, LN 
5 3(C) 50 10 Yes Acute 
++ 
St, SI, LI, LN, Ut 
6e 1 100 12 Yes Acute 
+ 
St, SI, LI, Lv, LN, 
Ut 
7f 3(C) 50 24 Yes Acute 
+++ 
St, SI, LI, Lv, LN, 
Ut 
a   WC, Whole caterpillar, GIT, Gastrointestinal tract from the stomach to the small colon; Inflam, 
inflammation; NA, tissue not available; St, stomach including non-glandular and glandular regions; 
SI, small intestine; LI, large intestine including cecum, dorsal and ventral colon, and small colon; 
Lv, liver; LN, lymph node; Ut, uterus; acute, presence of neutrophils in varying numbers within the 
epithelium or mucosa.  
b   (+), scattered neutrophils between the microcaruncle crypts; (++), diffuse neutrophils in the 
stratum compactum and between the microcaruncle crypts; (+++), diffuse large numbers of 
neutrophils in the stratum compactum with extension into the stratum spongiosum to the level of 
the deep endometrial glands. 
c control mare-not treated.  
d mare euthanized due to severe colic while still pregnant 
e mare euthanized due to severe colic after aborting 9 days after 1st treatment with PC  
f mare euthanized due to endometritis and laminitis after aborting 22 days after 1st treatment with 
PC 
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involving low numbers of neutrophils and (Mare 5, Figure 6.11).  Severe mucosal changes 
were present in Mare 4, with extensive necrosis, ulceration and diffuse neutrophilic infiltrate 
effacing the mucosa. Neutrophil presence extended to the submucosa.  
 
Duodenum     All mares had rare mucosal and submucosal setal fragments often with only 
focal necrosis around the fragment (Figure 6.12).  There were low to moderate numbers of 
neutrophils in the villous tips and deeper crypts in all mares as well as mild mucosal vascular 
engorgement with occasional crypt dilation.  Two mares (Mares 4, 5) had areas of focal 
proliferation of serosal mesothelium in irregular fronds or nodules with low to moderate 
numbers of lymphocytes, plasma cells or macrophages within the underlying adventia of the 
serosa or within the hyperplastic mesothelium (Figure 6.13).  One area exhibited necrosis 
and haemorrhage but without obvious setal fragments.   
 
Jejunum, Ileum   The ileum was not available for Mare 5.  All mares had rare mucosal and 
submucosal setal fragments in the jejunum and ileum with surrounding reactions ranging 
from unapparent (Figure 6.14) to focal disruption (Figure 6.15) or necrosis to granulomas 
composed of lymphocytes and macrophages.    Mare 4 had severe diffuse necrotising 
inflammation within the jejunum and ileum with extensive deep mucosal necrosis, multifocal 
loss of mucosa to the level of the muscularis mucosae, intense neutrophil infiltration, 
perivascular oedema and lymphatic dilation.  An intact setal shaft was present traversing a 
large submucosal artery (Figures 6.16, 6.17).  The remaining mares had mucosal 
inflammation similar to the duodenum. 
 
Cecum   Setae were present in moderate to heavy numbers in all mares from the mucosa 
to the serosa (Figure 6.18).  Setae fragments were present within arterial and lymphatic 
lumens, arterial walls (Figure 6.19), veins, submucosa, and villi.  Reactions ranged from 
unapparent (Mare 2)(Figure 6.20) to focal necrosis (all mares) to granulomas (Mare 3). 
Setae found within a vessel in Mare 3 had early microthrombus formation around the 
fragment with segmental necrosis of the media (Figure 6.19).  All mares had low numbers 
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Figure 6.04  (a) Oesophagus-A, horse, M3. Setal fragment in superficial epithelium without obvious 
reaction. HE. (b). Oesophagus-B around cardiac sphincter, horse, M3. Large setal shaft in epithelium 
with necrosis and abscessation. HE. (c). Oesophagus-B, horse, M7. Area of bulla formation with 
ballooning degeneration. HE.  (d)  Oesophagus-A, horse, M5. Suppurative superficial oesophagitis 
with erosion of superficial squamous epithelial cells, infiltration by neutrophils (inset) and bacterial 
colonization. HE.  
 
c 
d 
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Figure 6.05.   Non-glandular stomach, horse, M6. Ulceration of the superficial epithelium with two 
embedded setal fragments (boxes and insets). HE. 
 
  
 
 
Figure 6.06.  Epithelium, non-
glandular stomach, horse, M2.  
Superficial erosion with a cross 
section of a setal fragment (long 
arrow) near the surface and 
deeper bacterial colonization 
(arrowhead). HE.   
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Figure 6.08.  Submucosa, Glandular stomach, horse, M4. Setal fragment embedded in the tunica 
intima of a submucosal artery and higher magnification (inset). HE. 
 
Figure 6.07.     Non-glandular 
stomach, horse, M4. Long 
setal shaft with minimal 
inflammatory reaction. HE.  
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Figure 6.10.   Serosa, Glandular stomach, horse, M3.  Frond of hyperplastic mesothelium with a setal 
fragment focus (inset) and multinucleated giant cell. HE.  
 
Figure 6.09. Mucosa, glandular stomach, horse, M3. Two setal fragments (arrows) with 
multinucleated giant cells. HE. 
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Figure 6.11.  (a)  Mucosa, glandular stomach, horse, M3. Long setal fragment transecting the mucosa 
with a ghost outline of the missing shaft. HE.  (b). Submucosa, glandular stomach, horse, M2. Long 
setal fragment with rare eosinophils. HE. (C). Muscularis mucosae, glandular stomach, horse, M5. 
Long setal fragment with neutrophils around the shaft. HE.  (d). Muscularis externa, glandular 
stomach, horse, M7.  Cross-section  of a setal fragment embedded adjacent to a venule. HE 
 
 
 
  
ba
c d
Figure 6.12.  
Muscularis 
mucosae, 
duodenum, 
horse, M4. Setal 
fragments 
(arrows) in the 
muscularis 
mucosae with a 
mixed 
neutrophil, 
lymphocyte 
reaction. HE.  
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of neutrophils within the superficial mucosa and crypts.  Lymphocytes were prominent within 
the lamina propria of the mucosa and submucosa of 3 mares (Mares 2, 6, 7).  Eosinophils 
numbers were comparable to the control mare.    Mare 5 had multifocal sites of serosal 
hyperplastic mesothelium associated with embedded setal fragments (Figure 6.21).  There 
were mixed inflammatory cells in these areas including neutrophils, lymphocytes, plasma 
cells and multinucleated giant cells.     
 
Dorsal Colon   Tissue was not available from the dorsal colon of Mare 4.  Large numbers 
of setal fragments were found within the dorsal colon of all remaining mares with a range of 
reactions from unapparent, focal necrosis, lymphoplasmacytic, or microabscess formation 
(Figure 6.22). A longitudinal cross-section of a large artery within the dorsal colon of Mare 6 
had 18 setal fragments embedded from the lumen to the tunica adventitia (Figure 6.23).  
Fragment sizes ranged from 10 -30 µm and were frequently obliquely fractured.  Mares 5 
and 7 had multifocal areas of hyperplastic serosal mesothelium similar to the cecum with 
embedded setal fragments.  The reaction around the fragments was mononuclear including 
lymphocytes, plasma cells, macrophages and multinucleated giant cells (Figure 6.24). All 
Figure 6.13.  Serosa, duodenum, horse, M4. Setal fragments (arrows) in the muscularis 
mucosae with a mixed neutrophil, lymphocyte reaction. TB.  
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other mares had low numbers of neutrophils in the superficial mucosa and rare crypt 
microabscesses (Figure 6.25).  Two mares (Mares 3, 7) had a prominent mixed population 
of lymphocytes, plasma cells, and macrophages in the lamina propria of the mucosa and 
submucosa.   A single encysted small strongyle larva was embedded in the deep mucosa 
of Mare 5 with scattered peripheral lymphocytes and rare eosinophils in the immediate 
vicinity (Figure 6.26).  
 
 
 
 
 
 
 
Figure 6.15.  Mucosa, jejunum, horse, M4. Setal fragment transecting a crypt in the 
mucosa with focal disruption. HE.  
Figure 6.14.  Submucosa, jejunum, horse, M4. Intact setae traversing the submucosa 
without obvious reaction. HE.  
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Figure 6.16.  Submucosa, jejunum, 
horse, M4. Cross section of a setal 
fragment (arrow) in the tunica 
intima of a submucosal artery of 
the jejunum. Short arrows mark 
ghost outline of setal shaft path 
shown in 6.17. HE.  
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Figure 6.17.  Submucosa, jejunum, 
horse, M4. TB stain of fragment in 
6.16 transecting the tunica media 
of a submucosal artery. HE.   
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Figure 6.19.  Submucosa, 
caecum, horse, M4. Multiple 
setal fragments (arrows) within 
the lumen of a submucosal 
artery with early thrombus 
formation and segmental 
necrosis of the media.  
Presence of “pinched” tissue 
and mononuclear reaction in 
the adjacent left perivascular 
interstitium suggests the 
fragment is traversing the 
tunica media and protruding 
into the lumen of the vessel. 
HE.  
Figure 6.18.  Submucosa, caecum, horse, M3.  Setal shaft penetrating through mucosa into submucosa 
of the caecum with trail of focal necrosis. HE.  
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Figure 6.20.  Muscularis externa, 
caecum, horse, M5. Setal 
fragment embedded in the 
muscularis externa without 
obvious reaction. HE.  
Figure 6.21.  Serosa, caecum, horse, 
M5. Setal fragment (arrow) engulfed 
in a monocyte among hyperplastic 
mesothelium on the serosal surface. 
HE.  
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  Figure 6.22. Mucosa, 
dorsal colon, horse, M5. 
Crypt microabscess 
with bacterial 
colonization and setal 
fragment foci (inset and 
arrow). HE.   
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Figure 6.23.  Colon, horse, M6.  Large artery in the submucosa of the dorsal colon with 18 
fragments within the tunica media, intima, and lumen (arrows). HE. 
154 
 
 
 
  
Figure 6.25.  Right dorsal colon, horse.  Microabscesses with a setal fragment focus in the mucosa 
of M5 (a) and muscularis mucosae of M2 (b). HE.  
 
 
Figure 6.24. Serosa, right 
dorsal colon, horse, M5. 
Fronds of hyperplastic 
mesothelium with an 
embedded setal fragment 
(box and inset). HE 
Figure 6.26. Mucosa, right 
dorsal colon, horse, M5. 
Encysted strongyle larvae 
(arrow) in the mucosa with 
a focal inflammatory 
reaction. HE 
a b 
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Ventral Colon   Samples from the ventral colon were not available from Mares 4 and 6.  All 
remaining mares had large numbers of variably sized setal fragments from the mucosa 
(Figure 6.27) to the serosa (Figure 6.28).  The inflammatory reaction varied and included 
unapparent, focal necrosis (Figure 6.29), microabscesses, lymphocytes, and multinucleated 
giant cells (serosa of Mares 5 and 7).   Within the submucosa, fragments were found 
adjacent to and within vessels (Figure 6.30), lymphatics, and nerve bundles (Mare 5) (Figure 
6.31) often with a granulomatous reaction (Figure 6.32). All other mares had low numbers 
of neutrophils within the superficial mucosa. Mare 7 had areas of mixed population of 
eosinophils and neutrophils within the lamina propria of the mucosa and foci of lymphocytes 
and plasma cells in the submucosa.  Small strongyle larvae were found in the intestinal 
lumen in 2 mares (5, 7) with eosinophil numbers similar to the control mare in the mucosa 
and submucosa.  
 
Small Colon   Tissue from the small colon was not available from Mare 4.   Setae numbers 
varied between mares ranging from rare (Mare 3, 7) to numerous (Mare 6) (Table 2).  
Reactions included severe focal necrosis to lymphocytic (Figure 6.33) to granulomatous 
(Mare 7).  Mare 6 had multifocal crypt dilation and mucosal necrosis associated with local 
setae penetration. This mare had a dense population of mixed mononuclear cells including 
lymphocytes, plasma cells, macrophages, and occasional multinucleated giant cells in the 
submucosa.  Mares 3, 5, and 6 had low to moderate numbers of neutrophils within the 
mucosa.   Eosinophil numbers within the submucosa in two mares (2, 5) were slightly 
increased compared to the control mare.    Mare 5 had a single small strongyle larva within 
the lumen.  
 
Uterus    Tissue from the uterus of Mare 4 was not available.   Setal fragments were found 
within the tissue of all remaining mares including the serosa (Mares 2, 5, 7) (Figures 6.34, 
6.35), the myometrium (Mare 5) (Figure 6.36), and endometrium (Mares 2, 3, 5, 6, 7) 
(Figures 6.37, 6.38, 6.39).  Mare 6 had 11 setal fragments throughout the uterus located 
from the outer myometrium to the endometrium with a mononuclear reaction (lymphocytes, 
macrophages) around a few fragments in the myometrium and a neutrophilic reaction to a 
setal fragment in the endometrium.  Mares 2 and 3 were still pregnant at the time of 
euthanasia with microcotyledon development equivalent to descriptions for their gestational 
stage (Abd-Elnaeim MMM et al., 2006).  Mare 2 had patchy areas of neutrophil infiltration 
between the microcaruncle crypts with rare lymphocytes in the stratum compactum. Mare 3 
had large numbers of neutrophils within the superficial stratum compactum and between the 
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Figure 6.27.  Mucosa, right 
ventral colon, horse, M3. 
Setal shaft penetrating the 
mucosa with focal necrosis 
around the shaft (arrows). 
HE.  
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Figure 6.29.  Mucosa, left 
ventral colon, horse, M2. 
Intact setae penetrating the 
muscularis mucosae of the 
left ventral colon with crypt 
necrosis and eosinophils.  
HE.  
Figure 6.28.  Serosa, left ventral colon, horse, M5.  Setal fragment (arrow) undergoing 
phagocytosis by a multinucleated giant cell.  An additional fragment embedded near the 
mesothelium on the serosal surface. HE.  
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Figure 6.32.  Submucosa, 
right ventral colon, horse, 
M7. Setal fragment (arrow) 
within a granuloma in the 
submucosa of the ventral 
colon. HE.  
Figure 6.30.  Submucosa, 
right ventral colon, horse, 
M5. Setal fragment within the 
lumen of a submucosal vein 
in the right ventral colon 
without obvious reaction. HE.  
Figure 6.31.  Submucosa, 
left ventral colon, horse, 
M5. Setal shaft penetrating 
a nerve bundle in the 
submucosa of the left 
ventral colon. HE.  
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crypts of the microcaruncles.  Moderate numbers of lymphocytes were also present in these 
areas as well as scattered plasma cells and macrophages.   Mares 5, 6, and 7 had aborted 
12 hours, 72 hours, and 48 hours respectively prior to euthanasia.  Mare 5 had diffuse 
infiltration of low to moderate numbers of neutrophils within the superficial stratum 
compactum and between the crypts of the microcaruncles. Moderate numbers of 
lymphocytes, plasma cells, and lesser numbers of macrophages were present at the junction 
between the stratum compactum and spongiosum extending into the superficial stratum 
spongiosum.  The endometrium of Mare 6 had moderate to heavy numbers of lymphocytes 
and plasma cells diffusely within the stratum compactum with low numbers of neutrophils.  
These cells extended into periglandular areas with low numbers of scattered macrophages.  
Mare 7 had extensive severe necrosis (Figure 6.39) of the endometrial surface with diffuse 
infiltration of the stratum compactum by intact and degenerate neutrophils extending and 
Figure 6.33. Submucosa, small colon, 
horse, M3. Setal fragment shaft (box) in 
the submucosa of the small colon with 
a mononuclear reaction (inset). HE 
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effacing the endometrial glands in the stratum spongiosum.  Bacilli were present within a 
small venule of the endometrium of Mare 7 as well as mixed bacilli and cocci within the 
necrotic debris on the surface of the endometrium.  Three mares (Mares 2, 5, 7) had 
multifocal areas of hyperplastic serosal mesothelium similar to the duodenum with a setal 
fragment acting as a focus in Mare 5 (Figure 6.35).  
 
 
 
 
 
 
 
Figure 6.34.  Serosa, uterus, horse, M7.  Setal fragment (box and inset) in the serosa of the 
uterus of M7 with the characteristic pinching of the tissue. TB. 
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Figure 6.35. Serosa, uterus, horse, M5. Area of hyperplastic mesothelium with mixed 
inflammatory cell infiltrate and setal fragment (box and inset). HE 
Figure 6.36. Muscularis, uterus, horse, M6.  Cross sections of setal fragments (arrows) in 
the muscularis of the uterus of M6 with minimal cellular reaction. HE. 
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Figure 6.37. 
Endometrium, uterus, 
horse, M2.  Setal 
fragment shaft 
penetrating an 
endometrial gland with 
minimal cellular 
reaction. HE.  
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Figure 6.38. Endometrium, uterus, horse, M7.  Setal fragment cross section (box) in the 
stratum spongiosum. Fragment has a single barb (inset) jutting out from the circular shaft. HE.  
Figure 6.39. Endometrium, uterus, horse, M11. Setal fragment (box and inset) within the 
necrotic endometrium of M2 aborting on day 22 after the first treatment. HE. 
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Mesenteric Lymph Node   Low numbers of setal fragments were present within the 
mesenteric lymph nodes of 5 mares (Table 6.2) within sinuses and cortical areas.  There 
was focal necrosis with a neutrophilic infiltrate surrounding a setal fragment in Mare 2 and 
granulomatous reaction involving lymphocytes and macrophages surrounding a setal 
fragment in Mares 5 and 7 (Figure 6.40).  Unapparent inflammation or focal necrosis was 
present around the setal fragments found in Mares 4, 5, and 6 including a long setal shaft.  
Setae were not evident within the lymph nodes of Mare 3.  Additional figures available in 
Appendix II.  
 
 
 
Liver   Setal fragments were found in the parenchyma of Mares 4, 6, and 7 (Figure 6.41) 
with multiple fragments present in Mare 6.  Inflammation around one parenchymal fragment 
in Mare 6 consisted of mild focal necrosis and small numbers of neutrophils and 
lymphocytes.  Mares 4 and 6 had a fragment within a portal vein (Figures 6.42, 6.43).  
Inflammation was not evident within the livers of Mares 5 and 7.  There was patchy portal 
infiltration of neutrophils, and rare lymphocytes and plasma cells in Mares 2, 4 and 6. Mare 
3 had a degenerate parasite fragment in one area with focal periportal eosinophils and focal 
biliary hyperplasia.   
 
Figure 6.40.  Mesenteric 
lymph node, horse, M5.  
Long setal shaft partially 
visible in the cortex of a 
mesenteric lymph node 
with a multinucleated 
giant cell. HE. 
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Figure 6.41. 
Liver, horse, M7.  
Cross section of a 
setal fragment 
within the 
parenchyma with 
slight focal 
necrosis in mare 
which aborted 
22days after the 
first treatment. 
HE.  
Figure 6.42.  Liver, 
horse, M4.  Setal 
fragment within a 
central vein of the 
liver of mare 
which was 
euthanized 8 days 
after the first 
treatment. HE 
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Lungs   All mares had mild hyperemia with rare infiltration by low numbers of interstitial 
neutrophils.  Mare 2 had multifocal eosinophilic granulomas with increased peribronchiolar 
infiltration of eosinophils and mild interstitial fibrosis. Mare 7 had multifocal accumulations 
of neutrophils within alveoli without obvious microorganisms (Figure 6.44).  
 
Spleen   There were no obvious abnormalities in the spleen of any mare. 
 
Heart   Tissue was only available from Mares 6 and 7.  Mare 7 had a focal area of acute 
inflammation in the epicardium characterised by focal intravascular accumulation of  
Figure 6.43. 
Liver, horse, 
M6.  Barbed 
setal fragment 
in a portal 
vein of a mare 
which aborted 
9 days after 
the first 
treatment. HE. 
Figure 6.44.  Lung, 
horse, M7.  Focal intra-
alveolar neutrophils in a 
mare euthanized two 
days after aborting at 
22 days. HE.  
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neutrophils and low numbers in the surrounding interstitium (Figure 6.45). Mare 6 had no 
obvious abnormalities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mast cells   Setal fragments did not take up the toluidine blue stain in tissues from the 
treated mares, retaining the golden refractory colour while other plant material and debris 
stained the homogenous blue of the background tissue (Figure 6.46).  Setal fragments 
embedded in tissues without any obvious cellular reaction did not have mast cells around or 
in the immediate vicinity within the gastrointestinal tract of Mares 2, 3, 5, 6, and 7 and in the 
uterus of mares 2, 6, and 7.  Around setal fragments in the gastrointestinal tract where there 
was a mononuclear reaction (Mares 2, 4, 6), only Mare 2 had mast cells inconsistently 
present around the periphery of the reactions. Numbers ranged from 1-3 cells when present.  
 
Figure 6.45. Epicardium, horse, 
M7.  Acute epidcarditis with focal 
and diffuse infiltration by 
neutrophils (box and inset). Setal 
fragments were not evident in any 
additional sections from this area. 
HE 
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Bacteria   Microorganisms were present on the mucosal surface of the gastrointestinal tract 
of all mares (Figure 6.47).  Mixed Gram-negative bacilli and Gram-positive cocci were 
present within the endometrium of Mare 7 as previously described.  Gram-stained sections 
of tissues other than the gastrointestinal tract excluding Mare 7 failed to highlight bacteria 
intimately associated with setal fragments.   
 
6.4 Discussion 
 
Setae were found throughout every tissue layer of the gastrointestinal tract including the 
serosa, within the liver (both parenchyma and vasculature), lymph nodes (parenchyma and 
sinuses), mesentery, and uterus indicating extensive setal fragment dissemination from the 
GIT. This is the first time dissemination of setal fragments through various tissues has been 
reported in any species.   
 
Figure 6.46.  Stomach, 
horse.  Contrast 
between golden setal 
fragment with barbs and 
plant material stained 
with Toluidine blue.  
Setal fragment retains 
golden colour.  
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The streamlined shape of the setae with sharply pointed ends and angled barbs would 
facilitate mechanical penetration through tissues as the means of setae dissemination. 
Movement of setae through tissues by mechanical transfer has been well documented in 
cases of ocular exposure in people, with migration through the conjunctiva and 
subconjunctiva, into the cornea, iris and ultimately retinal penetration (Cadera et al., 1984).   
The ocular migration was postulated to be caused by the movements of the globe, 
respiration and pulse along with the constant movement of the iris propelling the setae 
forward with the angled barbs preventing backward movement (Cadera et al., 1984).   In 
horses, the peristaltic movements of the gastrointestinal tract and myometrial contractions 
of the gravid uterus are likely to facilitate penetration of these tissues. Movement into tissues 
without muscle layers like the liver and lymph nodes may slow or halt the migration.  
 
Vascular penetration by setal fragments found in many tissues indicates that the circulatory 
system may also facilitate tissue dissemination.  Penetration into the portal circulation may 
explain the presence of a setal fragment within the portal vein of Mares 4 and 6.  Similarly, 
lymphatic drainage into the local lymph node may also account for some of the small 
fragments found in the mesenteric lymph nodes in 5 of 6 treated mares.    It is possible that 
large setae could be disseminated via the circulatory or lymphatic system but the long length 
Figure 6.47.  Jejunum, horse, M4.  Setal fragment in a mucosal crypt surrounded 
by bacteria. TB. 
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of the setal fragments might prevent travel in any but the largest straight vessels.  The 
presence of setal fragments in the gastric serosa of 3 of 6 treated mares supports the 
suggestion of continued direct setal migration into the liver.  Hepatic parenchymal, uterine, 
and mesenteric lymph node penetration is likely via direct mechanical penetration from the 
GIT.  The migration of caterpillar setae is akin to the migration of other foreign bodies in 
tissues. Grass awns, porcupine quills, toothpicks, and sewing needles, all of similar shape 
to setae; have been found in aberrant locations including the brain, joints, bladder, and 
uterus of animals, generally far distant from the point of entry (Brennen and Ihrke, 1983; 
Mondransky et al., 1983; Houston et al., 1999; Jackson et al., 2002; Brisson et al., 2004; 
Dembovska et al., 2009; Farr et al., 2010; Lohmann et al., 2010).   
 
Relative setal numbers (Table 6.2) within the tissues were highest in the stomach and large 
colon where tissues were available with low numbers or none in the small intestine and other 
organs.    Gastrointestinal transit time and dosage of whole caterpillar may play a role in 
setal fragment density within the tissues.   Ingesta (and consumed setae) spends a small 
amount of time in the oesophagus (seconds) and small intestine (travelling approximately 
30cm/min) as opposed to longer times in the stomach (2-6 hrs) and large colon/cecum 
(>10hrs depending on diet) (Van Weyenberg et al., 2006).    Mares 4 and 6, both receiving 
100g of whole caterpillar, had the highest number of setal fragments in the glandular 
stomach of all the mares and Mare 6 had 11 setal fragments in various locations in her 
uterus.  Large numbers of setal fragments in small uterine tissue sections may indicate that 
massive numbers of setal fragments are migrating in a virtual shower through the uterus.  
The presence of high numbers of setal fragments in the uterus of Mare 6 is likely due to the 
higher dose of caterpillar setae as well as the time of euthanasia (12 days from the first 
treatment).   The increased frequency of finding setal fragments in the GIT, liver, and uterus 
of higher dosed mares suggests the dose of whole caterpillar does play a role in the numbers 
of setae migrating.   
 
The different locations of setal fragments within the layers of the GIT as well as the uterine 
serosa, myometrium and endometrium of various mares suggest fragments migrate at 
different rates. Setal fragment migration into tissues and the uterus can be very rapid, with 
fragments present in the liver, lymph nodes, uterine serosa and endometrium of Mare 2 
within two days after the first treatment.  However, setal fragments continued to be found in 
tissues up to 24 days from the first treatment.  Variables affecting the rate and ultimate 
location of setae in the uterus may include the size and fragmentation of the setae, the exit 
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point from the gastrointestinal tract (small intestine, large colon, or small colon), stage of 
pregnancy (contact points with the GIT and thickness of the myometrium) as well as the 
strength and frequency of myometrial contractions.  The rate of setal migration into the 
uterus is most likely affected by close and continual anatomical contact with the GIT which 
would be dependent on the location and stage of gestation. 
 
The presence of setae barbs and fragments within tissues induced variable focal tissue 
reactions ranging from focal necrosis, to neutrophilic, lymphocytic, or granulomatous 
inflammation with multinucleated giant cells.  It is unknown how these focal reactions could 
affect the gastrointestinal tract on a larger scale.  Vascular necrosis as seen in Figure 6.19 
may result in focal gastrointestinal ischaemia.  Penetration through nerve bundles could 
cause acute abdominal pain (colic) or segmental gut stasis.  In many instances, the setae 
were found in all tissues without an accompanying focal tissue reaction.   The variation in 
the reactions may be due, in part, to differences in the duration of setae within tissues and 
therefore the speed of migration.   It might be expected that setal migration through tissues 
would cause tissue disruption, cell injury and focal necrosis as was seen in many tissues.  
The lack of reaction may be that the setae were found mid-migration before tissue reactions 
occurred or that the reaction occurred behind the setae in a different tissue plane and 
therefore was not visible. Rapid setal migration as occurred within Mare 2, could result in 
detection of more setae without an accompanying reaction. In addition setae may be able 
to exist in tissues for variable periods of time without inciting an inflammatory reaction as 
has been reported with intraocular setae in the human eye (Ibarra et al., 2002). 
 
The variations in the cellular inflammatory response (neutrophilic, lymphocytic or 
granulomatous) to setae in the mares were similar to the suppurative and/or granulomatous 
inflammatory reactions reported in human intraocular tissue (Gundersen et al., 1951; 
Watson and Sevel, 1966).   Granulomatous reactions were described as an initial 
lymphocytic infiltration followed by macrophages and multinucleated giant cells (Watson and 
Sevel, 1966).    Experimental exposure to ETC setae resulted in submucosal granulomas in 
a non-pregnant mare, rats, pigs and goats (McDowell et al, 2010).   Dermal reactions in 
humans and mice to caterpillar setae were also predominantly mononuclear (De Jong et al., 
1976a).   Caterpillars have setae composed of chitin which is degraded in mammalian tissues 
by chitotriosidase, a chitinase-like protein present in macrophages (Ducombs et al., 1979; 
Battisti et al., 2011).  Chitin and its breakdown products stimulate a pro-inflammatory 
response in humans with subsequent macrophage activation (Battisti et al., 2011).   The 
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reactions within human ocular tissue were thought to occur once the setal fragment had 
become relatively fixed but it is unknown if the reaction was to the setae itself or a possible 
toxin within the setae (Gundersen et al., 1951).   The fixation of setal fragments within the 
tissue for any reason such as denser tissue or setal blunting makes it more likely that a 
cellular reaction can be stimulated by the chitinous skeleton of caterpillar setae.  This 
response in the form of macrophage stimulation may be responsible for the mononuclear 
and granulomatous reactions seen around some setal fragments penetrating vasculature 
(Figure 6.19), within the GIT, serosal lesions, and uterus of the experimental mares (Battisti 
et al., 2011).  The neutrophilic response as demonstrated by microabscesses surrounding 
setae within the crypts, submucosa and muscularis externa of the GIT in some mares may 
indicate the presence of other pro-inflammatory components such as bacteria that could be 
chemotactic for neutrophils. This may be the underlying cause of the focal mucoid placentitis 
lesions induced by gavaging mares with caterpillar exoskeleton in the pre- and early 
placentation stages of pregnancy (Cawdell-Smith et al., 2013). 
 
Bacteria were found intimately associated with setal fragments on the mucosal surface of 
the GIT but not elsewhere.  Bacilli were found within the endometrium and vasculature of 
Mare 7 but not intimately associated with the setae also present. Intravascular bacteria that 
might indicate bacteraemia were not seen in other tissues of any mare.  While there is a 
likely association between the presence of a setal fragment and acute inflammation, bacteria 
could not be confirmed in association with the migrating setae.  The lack of microorganisms 
intimately associated with migrating setal fragments may be due to a number of factors.  
Bacteria may not actually be associated with setal fragments except where they are in 
contact in the GIT lumen and mucosa.  However, this would make the process of setal 
fragment migration and acute bacterial abortion involving a wide variety of enteric and 
environmental bacteria highly coincidental.  It is more likely that routine light microscopic 
histology is an insensitive method of detecting small numbers of bacteria that may be 
attached to the setae.  Bacteria which have located in the inner hollow core or around 
barbules may not be apparent in a single tissue cross-section nor can the whole setal 
fragment be examined in limited thin tissue sections with varying orientation in different 
tissue planes.  The mares’ defence systems in most tissues are able to remove small 
numbers of introduced bacteria.  In cases where the bacteria are deposited in tissues or 
fluid-filled spaces where rapid multiplication can occur ahead of an immune response, as in 
the pregnant uterus and the foetal membranes, progression and spread to the foetus can 
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occur as outlined in the following chapter leading to EAFL and MRLS (Chapter 7).  A similar 
mechanism could explain the pericarditis and uveitis seen in MRLS cases. 
 
In the gastrointestinal tract, setal penetration evoked diffuse mucosal inflammation resulting 
in acute gastritis, duodenitis, jejunitis, ileitis, typhlitis and colitis characterized by variable 
numbers of neutrophils in the superficial mucosa. Mechanisms responsible for this 
development may be multifactoral.   Neutrophils are not part of the cell population in the 
mucosa of normal equine small or large intestine as demonstrated by the untreated mare 
and other studies on the cell population in the equine gastrointestinal tract (Packer et al., 
2005; Hopster-Iversen et al., 2011).  In addition, neutrophil presence in naturally acquired 
small strongyle infections are not described unless fenbendazole is used (Steinbach et al., 
2006).  This was not the case in these experiments    The influx of neutrophils into the 
mucosal surfaces is most likely caused by disruption of the mucosal barrier from diffuse and 
repeated mechanical penetration of setal fragments. Mechanical disruption of the mucosal 
barrier in addition to focal necrosis in the path of the setal fragments would allow increased 
exposure of the mucosa to gut microflora, stimulation of inflammatory mediators and influx 
of neutrophils in an acute inflammatory response. The gastroenteritis in Mare 4 was severe 
enough to cause colic and result in euthanasia.  Ulcerative lesions in the oesophagus of 
Mare 5 were prominent and appear similar to lesions caused by oral associated contact with 
caterpillar setae in dogs which resulted in tongue oedema, necrosis and oral mucosal 
ulceration (Bruchim et al., 2005).   
 
A hypersensitivity reaction may also be involved in the gastrointestinal inflammation in some 
mares as 4 mares showed some form of urticarial reaction after oral dosing with caterpillars 
(Table 6.1)(Cawdell-Smith and Bryden, 2009) (Cawdell-Smith et al., 2012).   Humans 
allergic to Thaumetopoea pityocampa, another processionary caterpillar, have IgE 
antibodies that recognise the proteins thaumetopoein, a 28 kDa protein, and Thap1, a 15 
kDa protein isolated from T pityocampa suggesting an IgE-mediated allergic reaction after 
caterpillar exposure, although as yet these proteins or toxins have not been demonstrated 
in O. lunifer  (Lamy et al., 1983; Vega et al., 1997, 2011).   An IgE mediated Type 1 
hypersensitivity could induce inflammatory cell infiltration into the mucosal surfaces after 
repeated challenges with caterpillar setae from the gut lumen over 5 days (Snyder, 2007).   
In addition, experimentally induced anaphylaxis and increased histamine levels were shown 
to cause inflammation, oedema and congestion in the large colon and cecum of the horse, 
to cause uterine contractions, placental separation and foetal death in cats and elevated 
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histamine levels may be associated with some cases of preterm labour in humans (Dale and 
Laidlaw, 1910; Eyre and Lewis, 1973; Brew and Sullivan, 2006).    Any histamine related or 
toxin-induced changes in the cecum, colon and uterus of the mares would be difficult to 
distinguish from pathology associated with mechanical setal penetration as seen in this 
study and therefore the role of a hypersensitivity reaction from any possible setal toxin 
remains unclear.  
 
All five of the examined treated mares had caterpillar setal fragments in their uteri as well 
as some degree of uterine inflammation.  This involved mild to heavy neutrophil infiltration 
of the subepithelial areas and between the crypts of the microcaruncle. Neutrophil presence 
in the stratum compactum of uterine biopsies of non-pregnant mares in oestrus is an 
indicator of acute inflammation (Snider et al., 2011).   However, normal post-foaling 
involution of the uterus in mares without a history of pathological problems involves an 
intense influx of neutrophils and macrophages into the areas of the microcaruncles with 
orderly microcaruncle degeneration over a period of 10 days (Gomez-Cuetara et al., 1995).   
The pregnant untreated mare did not have neutrophils within the endometrial tissue sampled 
and comparison with the two mares still pregnant at the time of euthanasia (Mares 2, 3) 
suggests the neutrophilic inflammation in both treated mares was due to the effects of 
caterpillar setae migration rather than part of the normal cell population at that stage of 
gestation. However, Mares 5, 6, and 7 aborted 12hrs, 72hrs, and 48 hrs respectively prior 
to euthanasia.  Comparison of these treated post-abortion mares to normal involution is 
more difficult due to the normal intense inflammatory process in the stratum compactum 
which occurs immediately post-partum in normal mares (Gomez-Cuetara et al., 1995; Jischa 
et al., 2008).   The effect of any setal migration through the endometrium in Mares 5 and 6 
is difficult to discern from the normal progression of uterine involution.  Acute neutrophilic 
inflammation was present in Mare 5 at 12 hrs post abortion which under normal 
circumstances may not have developed until 24hrs post-foaling (Gomez-Cuetara et al., 
1995).    In Mare 6, 72 hrs would have been adequate time to develop the predominance of 
mononuclear cells masking any underlying inflammation. The changes in this mare 
suggested involution was proceeding as normal.  The remaining mare had extreme changes 
that involved severe and extensive necrosis of the endometrium down to the deeper 
endometrial glands which would not have developed in 48 hrs in a normal foaling (Gomez-
Cuetara et al., 1995).  The severe changes in this mare were most likely complicated by the 
retention of the foetal membranes and any underlying cellular changes caused by caterpillar 
setal migration would have been masked by time.   
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Causes of the variable inflammation in the uterus of the pregnant mares may be multifactoral 
but is most likely related to the migration of setal fragments. Direct inoculation of antigens 
(mammalian tuberculin, ascarid antigen, and bovine serum albumin) into the endometrium 
of non-pregnant mares elicited transient acute inflammation as diffuse hyperaemia and 
oedema with foci of necrosis and predominant neutrophils (Karaffa, 1978).   In the same 
study, mechanical disruption by endometrial biopsy in control mares elicited a similar cellular 
reaction (Karaffa KV, 1978).   The mechanical disruption of setae migration through the 
uterus, the chitin within the setae, any toxin associated with the setae or any bacteria 
translocating with the setae must be considered as a potential cause of any endometrial 
inflammation.  While the presence of abnormal inflammation in the aborted mares is difficult 
to discern from normal involution, it is important to note that any inflammation elicited by the 
migration of the setae during pregnancy may be cleared by the inflammation of normal 
uterine involution after abortion as in Mares 5 and 6 unless there are post-partum 
complications as in Mare 7.   
 
The hyperplastic serosal lesions found multifocally on the GIT and uteri in treated mares in 
contrast to the control mare are likely a response to setal penetration.  The reaction was 
variable and included focal hyperplasia of mesothelial cells as multilayered cells or small 
papillary fronds with variable inflammation (unapparent, neutrophilic or mononuclear) similar 
to the inflammatory response to setae seen in other tissues.  Inflammation and chemical 
irritation have been found to cause a hyperplastic response in mesothelial cells and both 
mechanisms may be evoked by setal migration through the tissues (Zimmerman, 2005).  
The presence of setal fragments in some serosal lesions confirms the lesions as an indicator 
of setal migration.  
 
Migration of setae in tissues did not evoke a significant mast cell response with only Mare 2 
having a few mast cells at the periphery of mononuclear reactions around setae in the GIT.  
It has been suggested that formalin fixation may interfere with the staining of equine mast 
cells with TB and therefore other staining techniques may have to be utilized to fully 
investigate the involvement of mast cells in any cellular reactions after caterpillar exposure 
(Du Toit et al., 2007).   Previous studies in horses of different ages have correlated the 
presence of mast cells and eosinophils in the large intestine of horses with cyathostome 
worm burdens (Collobert-Laugier et al., 2002).   Intestinal parasites were detected in some 
experimental mares and although a total worm burden was not determined, the incidence 
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was low creating difficulty when deciding if the presence of mast cells in the GIT was due to 
parasite infestation or secondary to setal fragment presence.  Mast cells were not part of 
the cellular reactions within the uterus of the mares in which tissues were stained with TB 
as cell numbers were low and comparable with the control mare and previously documented 
studies (Welle et al., 1997; Walter et al., 2012).  While initially TB stain was used to 
determine if mast cells were a component of any cellular reactions to setal fragments in the 
experimental mares, it became apparent the stain highlighted the presence of the golden 
refractory setal fragments in tissues and allowed rapid differentiation from contaminating 
plant material which stained blue (Figure 6.46). As such, it may be a useful stain to aid 
detection of setae in tissue from field cases of equine abortions.  
 
Mares 5 and 7 had exposure to caterpillar exoskeleton in their previous pregnancy (Table 
6.1), delivered compromised foals and were rebred successfully to participate in the current 
study. The presence of setal fragments within multinucleated giant cells in the serosa of the 
glandular stomach of Mare 7 and large colon of both mares could be due to the previous 
exposure to exoskeleton.  Case reports on ocular setae indicate that endogenous removal 
of setae may take 8 weeks to 6 months or setae can persist for over a year after initial 
penetration with very little visible degradation (Cadera et al., 1984; Fraser et al., 1994).   
However, Mare 4, a naïve mare, also had inflammation with multinucleated giant cells within 
the mucosa and serosa of the glandular stomach after 8 days from the first treatment.  Mares 
5 and 7 were euthanized 10 and 24 days from the first treatment which would allow a 
mononuclear inflammatory response to develop. Both these previously exposed mares 
aborted when re-exposed following gavage with 50g of whole caterpillar with a moderate to 
severe acute endometritis (Table 6.3). The acute inflammatory reaction coupled with the 
presence of setae in the uterus suggests that re-exposure and new setal migration rather 
than past exposure was the cause of the histopathological findings in the uterus of these 
mares. 
6.5 Conclusion 
 
The histological findings of setal fragments throughout the GIT, mesenteric lymph nodes, 
liver, and uterus in this study identify more than one possible mechanism by which caterpillar 
setae can facilitate bacterial translocation from the GIT to the reproductive tract.  The 
frequent presence of setal fragments adjacent or within the lumen of vasculature in all areas 
of the gastrointestinal tract allow for the possibility of bacteraemia secondary to setal 
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vascular penetration.  However the finding of setal fragments within the uterus of 
experimental mares suggests that direct migration of setal fragments acting as a bacterial 
vector is the more likely possibility for the bacterial abortions that characterise exposure to 
caterpillars.  This is strongly supported by the rapid setal migration into the uterus within 2 
days of exposure despite the lack of absolute direct association of bacteria with migrating 
setal fragments.  It should also be noted that in chapter 7 , the presence of setal fragments 
within the allantochorion of foetuses from the experimental mares in the current study are 
detailed and more recently setal fragments have been identified in the allantochorion of 
EAFL clinical cases (Chapter 10).   Both observations further support the importance of a 
setal vector for bacterial translocation in EAFL.  
 
If toxins are present in O. lunifer setae, the possible effects could not be differentiated from 
any mechanical effects of setal penetration in these experiments with non-specific diffuse 
acute inflammation affecting the GIT of all experimental mares.  Uterine inflammation ranged 
from mild to severe but appeared to be cleared by normal uterine involution which supports 
practioners’ claims and experimental evidence that mares aborting from EAFL have few 
problems getting back in foal (A.J. Cawdell-Smith, pers comm.).  Caterpillar setal migration 
likely plays an important role in the pathogenesis of EAFL and highlights the need for further 
research to delineate the manner in which setae fragments facilitate the transfer of enteric 
or environmental bacteria into an environment where their presence initiates infection and 
subsequent foetal loss.   
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7.1 Introduction 
 
Experimental investigation into the cause of EAFL in which pregnant mares were gavaged 
with emulsified suspended processionary caterpillars (PC)  found variable amounts of PC 
setal fragments at all levels of the gastrointestinal tract, within mesenteric connective tissue, 
mesenteric lymph nodes, liver, and uterus to the level of the endometrium (Cawdell-Smith, 
2013; Chapter 6).   These findings support the idea that the initiation of EAFL involves the 
attachment of environmental or enteric bacteria to caterpillar setae within the gastrointestinal 
tract with translocation by setal migration into the uterus of the mare ultimately causing 
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abortion or perinatal compromise (Cawdell-Smith and Bryden, 2009; Chapter 6).   The 
objective of this study was to assess the histological changes in the foetal membranes and 
foetuses of pregnant mares experimentally exposed to PC to further delineate the 
pathogenesis of EAFL.   
7.2 Materials and Methods 
 
7.2.1 Experiments 
The Standardbred mares from which the foetuses and foetal membranes were obtained for 
this study, participated in an experimental program that sought to establish the relationship 
between PC ingestion and the occurrence of EAFL. Three experiments were undertaken 
using whole caterpillar or caterpillar exoskeleton, emulsified in 500 ml distilled water in a 
laboratory blender, and gavaged directly into the stomach of the mares as outlined in 
Chapter 6.  The experiments were approved by the University of Queensland Animal Ethics 
Committee and are reported in Cawdell-Smith (2013) and Chapter 6.   
 
Briefly, in Experiment 1, 2 groups of 4 mares were gavaged by nasogastric tube with either 
500 ml of distilled water (controls) or 100 g whole PC emulsified in 500 ml of distilled water 
once daily for 5 days. Experiment 2 consisted of 4 groups of 3 mares gavaged with distilled 
water (controls), or either 1 g, 2 g, or 5 g of caterpillar exoskeleton emulsified in 500 ml of 
distilled water once daily for 5 days.  Experiment 3 consisted of 3 groups (A, B, C) of  mares 
undergoing gavage with 500 ml distilled water (controls Group A), or 50 g whole PC (Group 
B) emulsified in 500 ml distilled water once daily for 5 days. Groups A and B both consisted 
of 6 pregnant mares which had never been exposed to caterpillars.  In contrast, in their 
previous pregnancy, Group C (4 mares from Experiment 2) mares had been exposed to 
caterpillar exoskeleton, rebred, and were back in foal when recruited for Experiment 3.     
 
7.2.2 Collection of abortuses or foals 
 
Aborted foetuses and the associated foetal membranes were collected during the expulsion 
process or within 1 hour if the abortion was unexpected.  Full term placentae were collected 
immediately after parturition.  Seven mares, including 1 pregnant untreated mare, were 
euthanized during the experiments either for humane reasons (2 mares developed severe 
colic, 1 mare developed suppurative endometritis and laminitis) or as a structured 
euthanasia to determine the effects of caterpillar ingestion in the pregnant mare after gavage 
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with PCs (4 mares).  If the euthanized mares had not aborted, their foetuses were collected 
at the time of post-mortem. Details of these mares and their histopathology findings are 
described in Chapter 6.   
 
7.2.3 Examination of abortuses 
All post-mortems were carried out in a systematic manner for each foetus or foal and foetal 
membranes regardless of the method of collection as described in Chapter 3.  Samples for 
histopathology were taken from each tissue corresponding to areas of the allantochorion, 
amnion, and umbilical cord as depicted in Figure 3.3 in Chapter 3.  
Collected tissue samples were fixed in phosphate buffered 10% formalin for 48 hours or 
longer and processed as outlined in Chapter 3.  Additional specific sections were stained 
with TB for mast cell presence within the tissues or with Gram-stain to confirm 
microorganism morphology if detected.  Areas of the foetal membranes examined were 
divided into the chorion; consisting of the villi, intervillous trophoblast epithelium and 
chorionic stroma; the allantois consisting of the EEC, allantoic vessels, stroma, and allantoic 
epithelium; umbilical cord; and amnion.     
For comparison a whole PC (Figure 7.01, 7.02) collected for use in the above experiments 
and caterpillar exoskeleton (Figures 7.03) were placed in 10% formalin for 48 hrs and 
processed as described in Chapter 3.  
 
 
Figure 7.01.  
Processionary 
caterpillar nest in a 
Moreton Bay Ash 
(Corymbia tesselaris) 
with live caterpillars 
on the trunk and 
dangling exoskeleton 
mass (white arrow). 
(Photo courtesy of AJ 
Cawdell-Smith) 
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7.3 RESULTS 
 
7.3.1 Caterpillar.  Sections of the caterpillar showed large numbers of true setae present 
within multiple ventral depressions suggestive of the described mirrors (Figure 7.04).  These 
setae were golden and refractile with sharp tapered ends measuring approximately 120 µm 
in length.  Short angled barbs were present along the shaft, longer at the anterior end to 
barely present at the posterior end. Setae diameter ranged from 3-10 µm with a hollow 
interior.  Many setae were fragmented and lost during processing.   The exoskeleton 
Figure 7.02.  
Processionary caterpillars 
(Ochrogaster lunifer) in 
an active silken nest.  
(Photo courtesy of AJ 
Cawdell-Smith) 
Figure 7.03.  Exoskeleton, 
Processionary caterpillar 
(Ochrogaster lunifer).  1g of 
caterpillar exoskeleton 
showing the very small 
amount of exoskeleton 
required to cause abortion 
(Photo courtesy of AJ 
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consisted of thin convoluted remnants of the cuticle with regularly spaced smooth sharp 
spines (Figure 7.05).  The area of the mirrors could not be identified in the tangled mass of 
the cuticle and spines. 
 7.3.2 Experimental overview 
Across the three experiments, 23 mares were gavaged with caterpillar suspension but only 
21 foetuses, foetal membranes and foals were available for examination.  Specimens 
examined consisted of 13 aborted foetuses, 3 foetuses from treated euthanized mares, and 
membranes of 5 foals from a total of 21 treated mares.  Results are summarized in Tables 
7.1 and 7.2.  Membranes from an additional 2 normal full term foals were not collected and 
therefore excluded from the study.  Organs were available from 3 of 5 foals:   
 
 
 
 
 
 
Figure 7.04.  Cuticle, Processionary caterpillar (Ochrogaster lunifer).  “Mirror” in the cuticle 
of a processionary caterpillar containing finely barbed caterpillar setae (inset) highlighting 
their sharply defined refractory golden walls and hollow interior with variable eosinophilic 
staining. HE. 
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1 foal (F17) was born premature at 311 days gestation and euthanized 2 days after birth, 1 
full term foal (F20) died at 2 days of age, and 1 foal (F21) was still born.  The remaining 2 
full term foals were healthy and only their membranes were examined. Out of the study 
population, 1 foetus was missing the entire allantochorion (F4), 1 foetus (F5) was missing 
the cervical pole region of the allantochorion, and 1 premature foal (F17) was missing the 
cervical pole and umbilical insertion regions and the amnion.   Nine of the aborted foetuses 
(9/13) were from mares that received whole caterpillars and 4 mares received caterpillar 
exoskeleton.  Euthanized mares received whole caterpillars.  Of the foals, 4 mares received 
exoskeleton and 1 received whole caterpillars.  Controls consisted of 3 sets of membranes 
from full term foals from control mares participating in the experiments and the membranes 
and tissues of 1 control foetus euthanized 5 days after the first control treatment of distilled 
water to coordinate with the same gestational age of the aborted foetuses.  Detailed results 
of bacteria isolated during the experiments are discussed in Chapter 8 but morphology, 
histologic tissue location of organisms and presence in culture are detailed in Table 7.1.  
The gross pathology found in the foetuses has been previously reported and correlated with 
Figure 7.05.  Exoskeleton, Processionary caterpillar (Ochrogaster lunifer).  (a) and (b).  Sections of 
caterpillar exoskeleton with sharp protruding barbs showing smooth tapered golden refractory 
walls. HE. 
a 
b 
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gross pathology of clinical cases of acute EAFL as described in Chapter 4 (Cawdell-Smith 
and Bryden, 2009; Cawdell-Smith et al., 2012). 
7.3.3 Controls.   Tissues of the foetal membranes were mildly to moderately autolysed with 
variable amounts of intracoelomic and /or stromal haemorrhage more prominent in the 
cervical pole region.  Stromal and surface cellularity was uniform and widely spaced with the 
exception of the allantoic surface attached of the umbilical cord which exhibited a diffuse 
infiltration of the allantoic stroma by mononuclear cells in low numbers. Mild hypertrophy of 
the allantoic epithelium was present without evidence of inflammation. The amniotic surface 
of control membranes showed mild superficial necrosis in association with rare infiltration of 
neutrophils at the epithelial basement membrane.  A focal plaque of squamous metaplasia 
(Figure 7.06) was present on the amniotic surface of 1 control near the insertion of the 
umbilical cord without associated inflammation.  Neutrophils were not associated with the 
EEC in any tissues.  Organs of the control foetus were normal for the gestational age.  
7.3.4 Treated.  Autolysis was moderate to severe in the membranes of all aborted foetuses 
and 1 full term foal (F20). Perivascular oedema at all tissue levels (Figure 7.07) was the 
most common finding affecting all aborted and euthanized foetuses as well as 4 foal 
membranes (F17, F18, F19, F21).   
 
 
 
Figure 7.06. 
Amnion, 
foetus, horse, 
control.  
Squamous 
metaplasia on 
the amniotic 
surface 
without 
inflammation.  
HE. 
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7.3.5 Bacteria.   Bacteria were found histologically in 19 of 21 foetuses and foals (90.5%, 
Table 7.1). Culture was positive in all 19 of the foetuses and foals from which tissues were 
cultured (100%, Table 7.1).  Of the 2 full term foals not cultured, bacteria were observed 
histologically within the foetal membranes of one foal (F19) but not in the membranes of the 
other foal.  Bacteria were present histologically in most regions sampled in the examined 
membranes with the exception of 1 foetus (F14) from a euthanized mare where bacteria 
were only found within 1 area of the amnion (Figure 7.08).  All aborted foetuses as well as 
1 foetus (F16) from 1 euthanized mare, and 1 full term foal (F17) born prematurely had 
bacteria present histologically with associated inflammation.  This correlated with positive 
bacterial cultures from the lung and/or stomach contents of these foetuses (Table 7.1).  
Bacteria were not present histologically but were isolated from the amniotic fluid in 1 foetus 
(F15) from a mare euthanized within 2 days of the first treatment.  Bacteria were present 
histologically with only subtle inflammation in the umbilical cord of 1 full term foal (F19).  
Bacterial colonization confined to the coelom and directly adjacent tissue of the chorionic 
stroma and allantois was found in all allantochorionic samples from 3 foetuses (F1, F6, F10) 
aborted within 6 days of the initial treatment and 2 full term foals (F20, F21).  The remaining 
aborted foetuses had bacterial colonization throughout all tissue levels in all sampled areas 
of the allantochorion, umbilical cord and amnion.  Detailed results of specific bacteria from 
positive cultures are presented in Chapter 8.   
Figure 7.07. Amnion, horse, aborted F14. Vascular engorgement with moderate perivascular 
oedema (inset). HE. 
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7.3.6 Setal fragments.    
All 3 foetuses from the euthanized mares and 11 of 12 aborted foetuses (92%) where 
allantochorion was available, had setal fragments embedded in the allantochorion ranging 
from the villi of the chorion (Figure 7.09), within the subvillous chorionic stroma (Figure 7.10), 
within allantoic vasculature (Figure 7.11), and protruding through the allantoic stroma 
(Figure 7.12).  In the aborted foetus (F5) where setae were not found, not all sections of the 
allantochorion were available for examination (cervical pole). 
Setal fragments were found in all sampled regions of the allantochorion (Figure 7.13), 
ranging from the cervical pole region (A) (Figure 7.13), 10 cm from the cervical pole (B) 
(Figure 7.14), the umbilical insertion (C) (Figure 7.15), 10 cm from the umbilical insertion (D) 
(Figure 7.16), the pregnant horn (E) (Figure 7.17),  to the body (F)  (Figure 7.18). Numbers 
of setal fragments in each foetus ranged from 1 to a maximum of 7 fragments in various 
locations (Table 7.2).  Time from the first treatment of the mare to detection of setal 
 
Figure 7.08.  Amnion, horse, 
aborted F14. Colony of cocci 
(inset of box) within the amniotic 
surface of the amnion of a foetus 
aborted 9 days after the first 
treatment. HE. 
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Figure 7.09. Villous, allantochorion, horse, aborted F11.  Two setal fragments, likely a 
single fragment fractured in two, penetrating a villous in the chorion. Note the 
characteristic pinching (arrows) which often mark an area around a setal fragment. 
HE. 
Figure 7.10. Subvillous 
chorionic stroma, 
allantochorion, horse, aborted 
F11.  Barbed setal fragment 
penetrating the subvillous 
chorionic stroma of a foetus 
aborted 22 days from the first 
treatment without obvious 
inflammation. HE.  
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Table 7.1   Histopathological lesions in foetuses and foetal membranes from pregnant mares after experimental gavage with 
processionary caterpillarsa 
 
a    Gray, aborted foetuses; blue, euthanized foetuses; yellow, full term foals; A, acute inflammation; SA, subacute inflammation; ChA, 
Chronic active inflammation; Neg, inflammation not present; N/A, tissue not available; FT, full term; (*), inflammation varies with location 
sampled in the allantochorion-refer to Table 2.  
 
b    WC, whole caterpillars; Exo, exoskeleton.  
 
c     Refer to Figure 1 for corresponding areas of the allantochorion. 
Foetus Gest 
Age At  
Tx  
(days) 
Exp 
No. 
Doseb No. of  
Days after 
1st 
treatment  
Setae 
Areac 
Chorionitis Allantoitis Funisitis Amnionitis Pneumonia Hepatitis Thymic 
Depletiond 
Organismse 
 
Histo Tissue  
Location of 
Organismsf 
Cultureg Mare 
Study/ 
Treatment 
statush 
1 198 1 100g WC,  4 D A A A A A A Neg GPC  ChS, C, All, UC, 
Am, L 
+ N 
2 194 1   100g WC, 9 B,C,D,E,F A A A A A Neg + GPC/GPB AC, UC, Am, L, 
Sp,L-cocci only 
+ 6N 
3 195 1 100g WC 11 A,D,E,F A A A A Neg Neg + GNB/GPB AC, UC, Am, 
L, LV 
+ N 
4 239 2 1g Exo 67 None N/A N/A A A A Neg + GPB/GNB UC, Am, L + N 
5 237 2 2g Exo 6 None Ai A A A A Neg + GNB AC, UC, Am, L + N 
6 226 2 5g Exo 6 A,B A A A A A Neg + GNB C, UC, Am, L + N 
7 226 2 5g Exo 3 F A A A A A Neg + GPC AC, UC, Am, L, 
LV, Th, Sp 
+ N 
8 248 3B 50g WC 17 B SA SA SA SA SA A +++ GPC AC, UC, Am, L + N 
9 228 3B 50g WC 6 B,C A A A A A Neg + GPC/GPB AC, UC, Am, L + N 
10 240 3B 50g WC 5 D Neg A A A A Neg N/A GNB ChS, C, All, UC, 
Am, L 
+ N 
11 183 3C 50g WC 22 A,D,F A A SA SA A A Neg GNB AC, UC, Am, L + 7PT 
12 128 3C 50g WC 10 B,D A A A A A Neg N/A GPC AC, UC, Am, 
L,H 
+ 5PT 
13 228 3C 50g WC 11 A,D A A A A A Neg ++ GPC AC, UC, Am, L + PT 
14 195 1 100g WC 8 D,E,F Neg Neg A A A Neg + GPC Am + 4N 
15 252 3B 50g WC 2 A A A A A A A Neg GPC - +j 2N 
16 231 3B 50g WC 4 E,F A A A A A Neg + GPC AC, UC, Am, L + 3N 
17 197 2 1g Exo Premature Neg Ai A ChA N/A SA Neg + GPC Ch, C,UC + N 
18 200 2 1g Exo FT Neg A A Neg A N/A N/A N/A - - ND N 
19 203 2 2g Exo FT Neg Neg A A Neg N/A N/A N/A mixed Ch, C, Am, UC ND N 
20 210 2 2g Exo FT died 2d Neg Neg A A A A A ++ mixed C, Am, UC,  
L-cocci only 
+ N 
21 242 3C 50g WC FT-stillborn Neg ChA* ChA* ChA ChA SA Neg ++ GPC/GPB C, Am, UC + PT 
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d    (+), mild; (++), moderate; (+++), marked. 
 
e   Organisms found in histopathology sections; GPC, Gram-positive cocci; GNB, Gram-negative bacilli; GPB, Gram-positive bacilli; 
mixed, organisms of mixed morphology present; (-), negative 
 
f   AC, all levels of the allantochorion; Ch, chorion; ChS, chorionic stroma; C, Coelom; All, allantois; UC, umbilical cord coelom/surface; 
Am, amnion; L, lungs; LV, liver; Th, Thymus; Sp, spleen; H, heart; (-), negative. 
 
g   Culture isolated from lung and/or stomach contents;  (+), positive; (-), negative; ND, not done. 
 
h  Correlation with the mare study number from the companion paper. 35   N, naïve; PT, previously treated mare; numbers indicate 
euthanized mares. 
 
i  Cervical pole not available from this foetus. 
 
j     Positive culture from amniotic fluid only. 
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Figure 7.11.  Allantochorion, cervical pole area, horse, aborted F3.  Low magnification of 
setal fragment (box and higher magnification inset) within the lumen of a large allantoic 
artery.  HE. 
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fragments in the allantochorion of foetuses ranged from 2 to 22 days.  Setae were not found 
in any of the full term foals or control membranes.  Inflammation was not generally 
associated with the embedded setal fragments other than focal necrosis around the setae 
or rare solitary neutrophils in proximity to the fragment.  
7.3.7 Inflammation.    
A wide range of inflammation from subtle acute to chronic active was present in all aborted 
foetuses, all euthanized foetuses, and within at least 1 tissue level (chorion, allantois, 
umbilical cord, or amnion) of the membranes from foals (Table 7.1).  Inflammation if present 
was generally diffuse throughout all sections of the sampled areas (Table 7.2).   Nineteen 
of 20 foetuses/foals had some degree of amnionitis and/or allantoitis (95%) and  
 
Figure 7.12. Allantochorion, 
cervical pole, horse, aborted F3. 
Low magnification of caterpillar 
setal fragment location (box and 
inset) within the allantoic stroma 
with minimal inflammation. HE.    
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Figure 7.13.  Allantochorion, cervical pole (CA-A), horse, aborted F15.  Setal fragment (box and 
inset) embedded in the tunica media of a large allantoic vessel in a foetus euthanized 2 days 
after the first treatment. HE.  
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Figure 7.14.  Allantochorion, 10cm from the cervical pole (CA-B), horse, aborted F2.  Cross 
section of a setal fragment (box and inset) in the tunica media of an allantoic vessel in a foetus 
aborted 9 days from the first treatment. HE 
Figure 7.15. Allantochorion, umbilical insertion (CA-C), horse, aborted F2.  Cross section of 
a setal fragment at the base of a villous without obvious inflammatory reaction (arrow). HE. 
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Figure 7.16.  
Allantochorion, 10cm from 
the umbilical insertion 
(CA-D), horse, aborted 
F10.  Setal fragment in a 
foetus aborted 5 days 
from the first treatment. 
HE. 
Figure 7.17.  
Allantochorion, pregnant 
horn (CA-E), horse, 
aborted F3.  Setal 
fragment in the villous of a 
foetus aborted 11 days 
after the first treatment. 
HE.  
Figure 7.18.  Allantochorion, body (CA-F), horse, aborted F14. Barbed setal 
fragment (box and inset) in a villous from a foetus euthanized 8 days after 
the first treatment. HE.  
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20 of 21 foetuses/foals had some degree of funisitis (95%).   Pneumonia was present in 18 
of 19 foetuses/foals (95%) and 19 of 21 foetuses/foals (90.5%) had bacteria within the 
tissues microscopically with or without inflammation present.  Chorionitis was present in 16 
of 20 foetuses/foals (80%).  Three previously treated mares (F11, 12, 13) aborted within 22 
days of the first treatment and had acute inflammation within the foetal membranes and 
foetal lungs with positive cultures and bacteria evident histologically.  The remaining 
previously treated mare (F21) had a stillborn full term foal with chronic active inflammation 
within the foetal membranes and foetal lungs with a positive bacterial culture and mixed 
bacteria present histologically.   
Chorion.  Acute neutrophilic inflammation was present in the chorion of 10 of 12 aborted 
foetuses (allantochorion missing for 1 aborted foetus) and 2 foetuses from euthanized mares 
(Table 7.1).  Inflammation ranged from small clusters of neutrophils in intervillous spaces to 
infiltration of the villous lamina propria with low to high numbers of neutrophils, and/or 
neutrophil margination and migration through vessels of the chorionic stroma and lamina 
propria.  Mononuclear inflammation in the form of  low to moderate numbers of lymphocytes 
and/or macrophages infiltrating the chorionic stroma either diffusely or at the base of the 
villous stalks was present in 3 foals (F17, F18, F21).  Early to advanced mineralization of 
villous tips or vasculature of the lamina propria of the chorion was present in 6 aborted 
foetuses, 1 euthanized foetus, and 1 full term foal.  Subacute inflammation was present in 
the remaining aborted foetus (F8) with expansion of the chorionic stroma by infiltrating 
neutrophils, eosinophils, and macrophages more prominent in areas adjacent to the villous 
stalks.  Additionally in the area adjacent to the cervical pole of this foetus there was a well-
demarcated focal area of neutrophil infiltration in the chorionic stroma with intact villous tips 
but a large amount of amorphous eosinophilic exudate in the intervillous areas.  In the area 
of umbilical attachment there were multifocal areas of localized neutrophilic vasculitis and 
infarction with colonization of the resulting degenerate villous tissue by bacteria.   
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Table 7.2 Distribution and type of inflammation in foetal membranes of pregnant mares after experimental gavage with processionary 
caterpillars a      
Foetus Total 
Setae 
AC-A AC-B AC-C AC-D AC-E AC-F AC-G UC-A UC-B UC-C Am-A Am-B Am-C 
 
1 1 A A A A* A A n/a A A A A A A 
2 7 A A* A* A* A* A* n/a A A A A A A 
3 4 A* A A A* A* A* n/a A A A A A n/a 
4 0 n/a n/a n/a n/a n/a n/a n/a A A A A A A 
5 0 n/a n/a A A A n/a A A A A A A A 
6 6 A* A* A A A A A A A A A A A 
7 1 A A A A A A* n/a A A A n/a A A 
8 1 SA SA SA SA SA SA A SA SA SA SA SA SA 
9 3 A A* A* A A A n/a A A A A A A 
10 1 A A A A* A A A A A A A A A 
11 4 A* A A A* A A* n/a SA SA SA SA SA SA 
12 2 A A* A A* A A n/a A A n/a n/a A A 
13 2 A* A A A* A A A A A A A A A 
14 3 Neg Neg A A* A* A* n/a Neg A n/a Neg A n/a 
15 1 A* A A A A A Neg A A A A A n/a 
16 2 A A A A A* A* n/a A A A A A A 
17 0 n/a A n/a n/a n/a A n/a n/a n/a ChA n/a n/a n/a 
18 0 A A A A A A n/a Neg Neg n/a A Neg Neg 
19 0 A A A A A Neg n/a A A n/a Neg Neg n/a 
20 0 A A Neg Neg Neg Neg n/a A A A A A A 
21 0 ChA ChA ChA A A A n/a ChA SA ChA ChA ChA A 
 
a   Gray, aborted foetuses; blue, euthanized foetuses; yellow, foals; A, acute inflammation; SA, subacute inflammation; ChA, Chronic active inflammation; Neg, 
inflammation not present; N/A, tissue not available; AC, allantochorion; UC, umbilical cord; Am, amnion; AC-A, allantochorion cervical pole; AC-B, allantochorion 
10cm from cervical star;  AC-C, allantochorion umbilical insertion; AC-D, allantochorion 10cm from umbilical insertion; AC-E, allantochorion pregnant horn; AC-F, 
allantochorion body; AC-G, allantochorion-any unusual gross lesions in the body in areas not already sampled; A, acute; SA, Subacute; ChA, Chronic active; Neg, 
Negative; n/a, tissue not available; (*), setal fragment(s) in this location. 
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Allantois.  Acute inflammation characterized by mild to marked fibrin and neutrophil 
exudation within the EEC, neutrophil margination and migration within the allantoic vessels, 
and/or neutrophil infiltration of the allantoic stroma was present in 11 of 12 aborted foetuses, 
2 euthanized foetuses, and 4 foals (Table 7.1).  More intense subacute inflammation 
characterized by areas of fibrinoid vasculitis and infarction of the allantoic vessels, 
expansion of the allantoic stroma by mixed inflammatory cells, and stage I allantoic epithelial 
hyperplasia  was present in 1 aborted foetus (F8).   Chronic active inflammation in 1 full term 
foal (F21) was predominantly mononuclear with marked fibrin exudation within the EEC, 
moderate exudation of lymphocytes and plasma cells followed by lesser numbers of 
macrophages and neutrophils, and scattered low numbers of neutrophils within the allantoic 
stroma.  These changes were more marked in the cervical pole and less prominent in the 
area of umbilical insertion of this foal (Table 7.2).  
Umbilical cord.  Acute funisitis in the form of mild to marked fibrin and/or neutrophil 
exudation within the EEC, neutrophil margination and migration within the superficial stromal 
vessels, and/or neutrophil infiltration of the vascular stroma was present in 11 of 13 aborted 
foetuses, all 3 euthanized foetuses, and 2 full term foals.  One foetus with acute funisitis had 
focal mineralization in the tunica media of a large vessel (Figure 7.19)  Subacute 
inflammation was present in the remaining 2 aborted foetuses (F8, F11), and chronic active 
inflammation was present in 2 full term foals (F17, F21) (Table 7.1).    In the aborted foetuses, 
subacute inflammation was characterized by dense infiltration of superficial areas by 
neutrophils and macrophages, heavy exudation of fibrin, neutrophils and macrophages 
within the EEC.  Foetus 8 had vasculitis of superficial vessels within the stoma and amniotic 
attachment with patchy areas of infarction (Figure 7.20).  Bacterial colonization of the 
umbilical cord vasculature was present in F11 (Figure 7.21).  The umbilical cord of the 
premature foal (F17) exhibited mixed inflammation of lymphocytes, neutrophils, and 
macrophages in perivascular and superficial areas, moderate stromal fibrovascular 
proliferation and intraluminal abscess formation with mixed bacterial colonization.  The other 
full term stillborn foal (F21) had patchy areas of squamous metaplasia with underlying 
fibroplasia as well as dense areas of squamous debris on the surface with intense infiltration 
of these areas by macrophages, neutrophils, and scattered multinucleated giant cells.  The 
EEC was obliterated by heavy exudation of lymphocytes, plasma cells, and neutrophils.    
Amnion.  Acute amnionitis was present in 12 of 13 aborted foetuses, all 3 euthanized 
foetuses and 2 full term foals (Table 7.1).  Inflammation consisted of mild to marked 
neutrophil margination and migration in amniotic vessels, perivascular infiltration by 
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neutrophils, and/or mild to heavy fibrin and neutrophil exudation within the coelom.   One 
aborted foetus (F13) had extensive fibrinoid vasculitis and infarction of the amnion with 
mineralization of the tunica media in small to medium superficial vessels (Figures 7.22, 
7.23).   The remaining aborted foetus (F8) had subacute inflammation with multifocal areas 
of vasculitis, infarction, and distension of the coelom with fibrin, neutrophils, macrophages 
 
 
 
and multinucleated giant cells (Figures 7.24, 7.25). The allantoic surface of the amnion 
exhibited multifocal areas of stage I epithelial hyperplasia with the stroma expanded by 
oedema, neutrophils, and macrophages.  The stillborn foal (F21) had severe extensive 
chronic active inflammation with a mixed inflammatory infiltrate, intense capillary 
proliferation in surface areas and around large vessels, and diffuse stromal fibroplasia.  
There were multifocal thick layers of squames on the amniotic surface with frequent focal 
mineralization and associated multinucleated giant cells in low numbers (Figures 7.26, 7.27).  
Multifocal areas of amniotic epithelial necrosis and accumulation of neutrophils within the 
superficial eosinophilic material were also present.  
 
Figure 7.19.  Umbilical cord, horse, aborted F13.  HE.  Focal 
mineralization in the tunica media of an umbilical vessel with 
diffuse acute funisitis. HE 
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Figure 7.20.  Umbilical cord, horse, aborted F8.  Subacute inflammation on the surface of the 
umbilical cord with vasculitis, thrombosis (arrow), and necrosis. HE 
Figure 7.21.  Umbilical 
cord, horse, aborted 
F11.  Extensive subacute 
funisitis with a thick 
band of superficial 
leucocytes obliterating 
the EEC and 
intravascular bacteria 
(box and inset). HE. 
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Figure 7.22.  Amnion, horse, aborted F13.  Multifocal areas of fibrinoid vasculitis (box) and 
early mineralization of the tunica media (inset) with organized thrombi in a foetus aborted 11 
days after the first treatment. HE. 
Figure 7.23.  Amnion, horse, aborted F13.  Additional views of fibrinoid vasculitis with 
mineralization of the tunica media (a) and mineralization of the tunica intima (b). HE  
a b 
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a 
Figure 7.24.  Amnion, horse, aborted F8.  Fibrin (arrows) within the EEC with formation of 
nodules on the allantoic surface and intense inflammatory cell infiltration in surface areas. HE.  
Figure 7.25. Amnion, 
horse, aborted F8.  
Multinucleated giant 
cells (arrows) within 
the amniotic stroma 
adjacent to the EEC 
obliterated by 
inflammatory cell 
infiltration. HE. 
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Lungs.  Acute pneumonia was present in 11 aborted foetuses, all 3 euthanized foetuses, 
and 1 of 3 examined foals (Table 7.1).  This included aspiration of squamous epithelial cells, 
proteinaceous material, and scattered to extensive neutrophil infiltration of the small and 
large airways (Figure 7.28).  Subacute pneumonia was present in 1 aborted foetus (F8) and 
Figure 7.26.  Amnion, horse, stillborn foal F21.  Area of thick squamous cell deposition of the 
surface with mineralization (arrows), mixed inflammatory infiltrates and multinucleated giant 
cells (box and inset). HE.  
Figure 7.27.  Amnion, horse, 
stillborn equine F21.  
Organized thrombus within 
the amnion of a stillborn full-
term foal. HE.  
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2 foals (F17, F21), with increased macrophages along with low to abundant neutrophils 
within the airways and interstitial areas.  Multinucleated giant cells were present in 1 aborted 
foetus (F8) (Figure 7.29) and 1 premature foal (F17).  One aborted foetus (F3) had bacterial 
presence in the airways without obvious inflammation.  
Liver.  Three aborted foetuses, 1 euthanized foetus and 1 full term foal had mild acute 
hepatitis ranging from mild periportal infiltration of neutrophils to more diffuse infiltrate 
throughout the sinusoids (Table 7.1).   
Thymus.  There was mild thymic lymphoid depletion in 7 aborted foetuses, 2 euthanized 
foetuses, and 1 premature foal characterized by mild increases in medullary macrophages 
and/or decreased medullary lymphocyte cellularity.  Moderate lymphoid depletion was 
present in 1 aborted foetus (F13), and 2 full term foals (F20, F21)  with increased numbers 
  
  
Figure 7.28.  Lung, 
horse, euthanized 
F14.  Neutrophils and 
proteinaceous 
material (*) within a 
small airway in a 
euthanized foetus. 
HE. 
* 
Figure 7.29.  Lung, 
horse, aborted F8.  
Multinucleated giant 
cells (arrows) within 
the alveoli with large 
numbers of 
neutrophils in an 
aborted foetus with 
subacute 
pneumonia. HE. 
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of both cortical and medullary macrophages, active macrophage phagocytosis, decreased 
lymphocyte cellularity in either the cortices or medullary areas and prominent medullary 
reticular epithelium.  Severe lymphoid depletion was present in 1 aborted foetus (F8) with 
blurring of the corticomedullary junction, marked increase in both cortical and medullary 
macrophages, diffuse decrease in lymphocyte numbers and prominent reticular epithelium 
in both the cortical and medullary areas.  Bacterial colonies were present in the vasculature 
of the thymus in 2 aborted foetuses (F7, F13) (Figure 7.30).   
  
7.3.15 Other tissues.  Two foals (F17, F20) had acute myocarditis with low numbers of 
neutrophils diffusely infiltrating myofibers and interstitial areas (Figure 7.31). Examined renal 
tissue was primarily autolyzed with no obvious abnormalities except for mild acute interstitial 
nephritis in 1 full term foal (F20). Bacterial colonies were present in the vasculature of the 
spleen in 2 aborted foetuses (F2, F7).  Splenic lymphoid depletion was not graded due to a 
lack of a published defined grading scale.  
Figure 7.30.  Thymus, 
horse, aborted F13.  
Colonies of coccoid 
bacteria within the 
vasculature of the 
thymus of a foetus 
aborted 11 days 
from the first 
treatment. HE. 
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7.4 DISCUSSION 
 
Identification of caterpillar setal fragments in the allantochorion has not been described 
previously. Setal fragments were found at all tissue levels of the GIT from the mucosa to the 
serosa in selected mares from which some of the abortuses in this study were gathered 
(Chapter 6).   In addition, fragments were found within lesions of hyperplastic serositis of the 
small and large intestines in these mares as well as within lymph nodes, livers, and uteri 
from the serosa to the endometrium (Chapter 6).  The presence of the setae in the 
allantochorions in this study indicates setal migration through the uteri and across the feto-
maternal interface from the gastrointestinal tracts of the mares.   
Setal fragments were found throughout the allantochorion encompassing the cervical pole 
to the pregnant horn, umbilical attachment and body. These sites correspond to the many 
areas in the uterus where setae were found in mares euthanized on sequential days after 
gavage with PC (Chapter 6).  In the mares, the largest numbers of setae were found in the 
large and small colon (Chapter 6).  The non-pregnant uterus is in constant contact with the 
small colon and in variable contact with the small and large intestine depending on the 
amount of ingesta, parity of the mare (pendulous uterus), and gut motility (Blanchard et al., 
2003).   As gestation progresses, contact between the pregnant uterus and gastrointestinal 
tract becomes more constant as the available space for expansion is reduced.  This close 
proximity at many points during pregnancy could result in the wide dispersal of migrating 
setae into any area of the allantochorion and thus any area of the allantochorion could be 
Figure 7.31.  Heart, 
horse, premature 
F17.  Diffuse low 
numbers of 
neutrophils (arrows) 
within the 
myocardium in a 
premature foal with 
chronic active 
funisitis. HE. 
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involved in the inflammation associated with EAFL.  The significance of the experimental 
finding of setal presence in the allantochorion to the pathogenesis of caterpillar induced 
abortion is supported by the recent finding of caterpillar setae fragments in the placenta of 
a clinical case of EAFL (Chapter 10).    
 The presence of setal fragments in the equine allantochorion within 2 days of initial 
caterpillar exposure indicates that caterpillar setal migration can be very rapid, in contrast 
with the slower rate of weeks and months described in human ocular tissue (Cadera et al., 
1984; Viseux et al., 2003).   The rate of migration is likely influenced by many variables.  
Ocular migration of caterpillar setal fragments has been thought to be caused by the 
synchronous movements of the eye where these movements along with the barbs on the 
setal fragments produce progressive inward propulsion of the setae (Steele et al., 1984)    
The streamlined shape and orientation of the barbs of the setae, stretching of organ walls 
due to ingesta and pregnancy as well as the muscular contractions of the GIT and uterus 
may explain the rapid movement of setae through the GIT, uterus, and into the membranes 
of the equine foetus.  Slower or incomplete migration may also occur if any of those factors 
are changed including blunting of the setal fragment, denser tissue, gut stasis, or early stage 
of gestation.  Setae were found in all of the placentas from the euthanized mares up to 22 
days after the first treatment but were not found in late abortions (>22 days from the first 
treatment) or in the membranes from near or full term foals.  This may be due to degradation 
of setae from long term presence within the tissue, full migration of setae into the allantoic 
or amniotic fluid and loss at parturition, or migration and lodgement in an area of the 
membranes not sampled. However, the presence of acute inflammation within the 
membranes in these foals with neonatal compromise suggests some setae migration did 
occur after 22 days from the first exposure. Slow setal migration into the retina after human 
ocular penetration can occur years after exposure (Cadera et al., 1984).   This allows 
speculation that setal migration does not have to take place immediately after exposure but 
can occur slowly at any stage of gestation post-exposure including near term.   
Relative setal numbers (Table 7.2) within the anatomical locations in the allantochorion were 
higher in two of the foetuses (F2, F3) from mares given 100 g whole caterpillars than those 
given 50 g of whole caterpillar or caterpillar exoskeleton.   The mare aborting foetus 2 (Table 
6.1) had 11 setal fragments in various locations in her uterus (Chapter 6). The high dose of 
whole caterpillar given to this mare with subsequent high numbers of setal fragments in the 
allantochorion of her foetus suggests the exposure dose does play a role in the numbers of 
setae migrating and possibly in the pathologic outcome.  
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Dendrolimiasis, pararamose, and ocular lodgement of setal fragments from caterpillars have 
been reported to cause localized acute to granulomatous inflammation with a lymphocytic 
and multinucleated giant cell reaction similar to the granulomas in the gastrointestinal tract 
of experimentally exposed animals and mares (Steele et al., 1984; Sebastian et al., 2008; 
Hossler et al., 2010; Chapter 6).   Processionary caterpillars have setae composed of chitin 
(Ducombs et al., 1979; Battisti et al., 2011).    Chitin degradation in mammalian tissues is 
primarily by chitotriosidase, a chitinase-like protein present in macrophages (Battisti et al., 
2011).  Presence and breakdown products of chitin can stimulate a pro-inflammatory 
response in humans and this response in the form of macrophage stimulation may be 
responsible for the mononuclear and granulomatous reactions seen around setal fragments 
in the gut, hyperplastic serosal lesions, and uterus of the mares (Battisti et al., 2011).   A 
general lack of reaction around many of the setal fragments in the allantochorion, similar to 
findings in some locations within the mare (Chapter 6), may reflect the continued migration 
of the fragments that have not been blunted, eroded or otherwise halted in their migration 
paths (Chapter 6).   Alternatively, stationary setae may exist in tissues without causing an 
inflammatory reaction, which has been reported in cases of ocular setae penetration in 
people or the foetus may be incapable of mounting an immune response to the setae (Ibarra 
et al., 2002).     
Greater than 90% of the tissues examined from foetuses including aborted, euthanized, and 
full term foals had evidence of allantoitis, amnionitis, funisitis, and pneumonia that was 
generally diffuse.  The inflammation was likely a response to the bacterial infection 
introduced by the setae. The distribution of the inflammation and the presence of setae 
within the chorionic stroma, allantoic vessels and protruding from the allantois into the 
allantoic cavity suggest one route of bacterial entry is via direct inoculation or seeding from 
caterpillar setal migration into the allantoic EEC (Enders et al., 2000).  Morphological studies 
of normal foetal membranes of the foal found that the EEC communicates with the 
infundibulum of the allantoic portion of the umbilical cord and extends to include a 
rectangular portion of the amnion at the umbilical insertion (Whitwell and Jeffcott, 1975; 
Williams, 2012).   Once bacteria invade the EEC, organisms can rapidly multiply and 
colonize the allantois and spread into the umbilical cord, amnion, and ultimately the foetus 
(Whitwell, 1988).  This communication is the likely reason for the occurrence of the gross 
lesions within a 30 cm radius from the umbilical insertion in EAFL clinical cases (Chapter 4).   
A similar distribution of inflammation and mechanism of bacterial spread can be seen in 
other types of infective placentitis, such as ascending and peripheral placentitis where 
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organisms have been identified in one or more of the EEC compartments within the 
allantochorion, amnion, or infundibulum (Whitwell, 1988; LeBlanc, 2004).   However, 
experimentally induced ascending placentitis results in amnionitis much less frequently 
(28% of cases) likely because bacteria must invade across multiple tissue layers and are 
not inoculated directly into the EEC (Calderwood et al., 2005).  
Bacteria were evident in the EEC and adjacent tissue only in 3 aborted foetuses aborting 
less than 6 days from the first treatment and in 3 full term foal membranes.  Two full term 
foals exhibited mild acute inflammation in some areas of the membranes (F18, F19).  The 
remaining foals were compromised (1 premature, 1 still born, and 1 dead after 2 days).  
Presence of bacterial colonies throughout the EEC within the allantochorion, umbilical cord, 
and amnion without a strong inflammatory response in these cases might suggest peracute 
inflammation with rapid proliferation of bacteria through the EEC first, followed by spread to 
the adjacent stroma, vasculature, and foetus.  From 3 days post initial treatment, organisms 
and acute inflammation were seen histologically in aborted foetuses and euthanized foals.  
Thereafter, abortions had bacteria at all levels of the allantochorion, umbilical cord and 
amnion supporting the likelihood that the initial infection often originates in the EEC and 
suggesting that bacterial multiplication and spread is rapid after gaining entry to the tissues, 
possibly outpacing the inflammatory response of the foetus.  Presence of bacteria in the 
EEC of the near or full term foals may reflect a variable infection time due to slower setae 
migration and/or a different initial inoculation site (e.g. amnion) with the variable range or 
lack of inflammation in the membranes of these foals and the different perinatal outcomes.  
Complete rapid setal migration through the allantochorion and amnion with inoculation of 
the amniotic fluid may explain the very acute changes within the foetal membranes of foetus 
15 at 2 days post exposure but with only a positive culture from the amniotic fluid.  Rapid 
setal migration may also explain the pathologic finding of advanced amnionitis with absence 
or minimal involvement of the chorion in field cases of EAFL. In contrast to clinical cases, 
chorionitis was detected in this study after experimental exposure to caterpillar setae. It was 
less prevalent than amnionitis and funisitis in the examined membranes and, with the 
exception of one 17 day post treatment abortion, generally acute.   Five of the 6 foetuses 
from euthanized mares (see Table7.1) had acute inflammation in the chorion. This 
corresponded to acute inflammation within the endometrium of their dams in which setal 
fragments were also found (Chapter 6).   Foetus 14 did not have inflammation within the 
allantochorion; however, the uterus from its dam was not available for correlation (Chapter 
6). Acute inflammation at the fetomaternal interface manifested by exudate and 
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inflammatory cells in the intervillous spaces are a maternal response to localized or diffuse 
inflammation on the surface of the endometrium or chorion and may be one cause of the 
acute chorionitis in these foetuses (Whitwell, 1988).  However, acute inflammation in the 
chorion could also be initiated following migration of setal fragments through the chorion, 
reactive to any advanced inflammation in the allantois, or due to incomplete penetration of 
setae into the intervillous space between the endometrium and chorion.  The different 
manifestations of chorionitis from acute to subacute inflammation (as in 1 aborted foetus) 
could depend on the number of setae migrating (up to 7 were found in 1 foetus), presence 
and type of associated bacteria, the rate of success of bacterial or setal dispersal, and 
allantochorionic location of the setae migration, involvement of the mare’s endometrium, 
and stage of gestation.    
Eosinophils were found within the chorionic stroma in the cervical pole region of 1 aborted 
foetus with subacute inflammation.  Eosinophils are an uncommon finding in equine 
placentas but have been associated with pneumovagina and fungal infections in endometrial 
biopsies of reproductively challenged mares (Snider et al., 2011).    In humans, large 
numbers of eosinophils in the amniotic fluid of women in preterm labour may indicate a 
previous type I hypersensitivity reaction and eosinophilic presence in the chorioamnion may 
indicate myeloid depletion of the foetus (Salafia and Popek, 2008; Romero et al., 2010).    
Eosinophilic vasculitis has been found in ovine and bovine foetuses aborting from Coxiella 
burnetii (Van Moll et al., 1993).   Fungal elements and eosinophilic vasculitis were not 
detected in this equine placenta.  Hypersensitivity reactions were noted in some mares 
receiving whole caterpillars via gavage and although this mare was not noted to have any 
discernible reaction during treatment (A.J. Cawdell-Smith, pers comm), a hypersensitivity 
reaction cannot be ruled out (Cawdell-Smith and Bryden, 2009; Cawdell-Smith et al., 2012).    
Combinations of factors including the location of eosinophilic infiltration (cervical pole area), 
duration of inflammation (subacute), or production of inflammatory cytokines that stimulate 
eosinophil chemotaxis may all be involved (Bailey and Cunningham, 2001). 
Perivascular oedema is one of the most common findings in acute clinical (Chapter 4) and 
experimental EAFL cases (Cawdell-Smith et al., 2012).    While this can be a relatively 
common non-specific finding in equine placentas, it is more severe in EAFL and is generally 
seen both grossly and histologically in affected membranes. Perivascular oedema was not 
a feature of the full term control membranes or the euthanized control in these experiments.  
In EAFL cases, perivascular oedema may reflect a change in intravascular pressure of the 
allantochorionic vasculature and/or hypoxic damage to capillaries (Salafia and Popek, 
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2008).  Increased vascular permeability is one of the first signs of inflammation allowing 
leakage of protein-rich fluid, fibrinogen conversion to fibrin, and diapedesis or migration of 
leucocytes into the affected tissues (Ackermann, 2007).     The migration of neutrophils may 
take 12 hours to 2 days from the initiation of inflammation (Ackermann, 2007).    This lag time 
from infection to inflammatory response may explain the presence of perivascular oedema 
in the allantois of the foetus euthanized at 2 days post-treatment (F15) with only rare 
neutrophils and a positive culture but without obvious microorganisms histologically.   
Vascular lesions within the foetal membranes consisted primarily of early neutrophil 
margination and migration in the allantoic vasculature, larger amniotic vessels, and 
superficial vessels within the tunica media and adventitia of the umbilical cord.  In human 
chorioamnionitis, bacteria and bacterial toxins were found to cause the production of 
proinflammatory cytokines such as IL-1β and TNF-α that stimulate the margination and 
migration of neutrophils during acute inflammation (Salafia and Popek, 2008; Flores-Hererra 
et al., 2012).    Endothelial cells can be directly damaged by these proinflammatory cytokines 
as well as by activatied neutrophils, which can lead to endothelial cell apoptosis and 
increased vascular permeability (Cuhacovich, 2002).   Endothelial damage by TNF-α was 
suggested as the cause of the vascular luminal platelet adhesion, thrombosis, and infarction 
in the placenta of sheep aborting from experimental chlamydial infection (Buxton et al., 
2002).   A similar mechanism is the likely cause of the vasculitis and infarction seen in the 
amnion of foetuses 13 and 8 and in the umbilical cord and allantochorion of foetus 8.   Both 
foetuses had Gram-positive cocci evident within the allantochorion, amnion, and umbilical 
cord with a positive culture. Gram-positive bacteria have been found to induce twice as much 
production of TNF-α by human macrophages compared with Gram-negative bacteria and 
their presence may lead to more severe vascular lesions (Hessle et al., 2005).        
The additional findings of thymic lymphoid depletion, sporadic hepatitis, and myocarditis 
may reflect multi-organ effects of inflammation within the foetal membranes found within all 
aborted foetuses, all euthanized foetuses, and the compromised near or full term foals.   
Chorioamnionitis in humans has been shown to elevate cortisol levels as a stress response 
to inflammation as well as induce thymic lymphoid depletion in foetuses with and without 
sepsis (Toti et al., 2000; Gantert et al., 2010).   Thymic lymphoid depletion was found in 
many of the abortuses having acute to subacute inflammation within the foetal membranes 
as well as the full term foals with perinatal complications and likely reflects the stress 
associated with this inflammation.  Stress associated with sepsis may also have induced the 
lymphoid depletion as bacterial colonies were found within vasculature of the thymus in 1 
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foetus and may be the cause of the sporadic hepatitis and myocarditis evident in other 
foetuses/foals.  Chorioamnionitis was identified as a risk factor for early-onset sepsis in 
human neonates possibly due to lack of immune system response found after repeated 
exposure to lipopolysaccharide (LPS) or TNF-α as found in a sheep model of 
chorioamnionitis (Gantert et al., 2010).   Inflammation in these equine experiments was 
induced by bacterial presence in the foetal membranes and created a high risk of foetal 
sepsis in these foetuses.  Foetal bacterial exposure in these experiments may have been 
via direct association with infected amniotic fluid or due to a bacteraemia secondary to setal 
fragment penetration of allantoic vasculature as found in 2 foetuses.   
7.5 Conclusion 
 
The current findings document the first evidence of caterpillar setae migration through the 
gastrointestinal tract and into the foetal membranes of any species and provide several new 
insights into caterpillar exposure of pregnant mares; 
Setae from PC can rapidly migrate through maternal and foetal membranes from 2 days 
post exposure onwards. The likelihood of finding setae in the membranes from abortions > 
22 days post exposure and near or full term compromised foals is low. 
 Setal migration can potentially occur in any location where the gastrointestinal tract is in 
close contact to the uterus including the areas of the cervical pole, umbilical insertion, and 
body.  Thus, the presence of cervical gross pathology may not necessarily imply an 
ascending origin for infection.  
Inflammation at any level of the allantochorion is possible ranging from the intervillous 
space, chorionic villi, subvillous chorionic stroma, allantoic vessels, and allantoic epithelium.   
Bacterial colonization of the EEC of the allantois either through direct inoculation or seeding 
by migrating setal fragments and subsequent spread into the umbilical cord, and amnion is 
the likely pathogenesis of EAFL.  
 Exposure to PC may have a detrimental effect on equine foetuses and foals from early 
placentation to full term due to bacterial infection and acute to chronic active inflammation 
within the foetal membranes (Cawdell-Smith et al., 2013; Chapters 6 and 9).    
Exposure of pregnant mares to PC is emerging as a major cause of acute and chronic 
placentitis in Australia.  It is now known that caterpillar setae migrate from the mare’s 
gastrointestinal tract to the foetal membranes causing a range of lesions depending on the 
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stage of gestation and amount of setae ingested.  These investigations highlight the range 
of lesions associated with caterpillar setae migration encompassing focal chronic active 
placentitis from early gestation exposure (Chapter 9), acute and chronic EAFL abortion in 
mid-gestation to compromise of full term foals from late gestation exposure (Cawdell-Smith, 
2013).  Awareness of these lesions allows accurate diagnosis and aids development of 
practices for managing pregnant broodmares to prevent or minimize the effects of caterpillar 
exposure.  
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8.1   Introduction  
  
Studies of clinical cases of caterpillar-related abortion have shown a wide variety of bacteria 
associated with this form of abortion. Bacteria isolated from clinical cases of EAFL are 
predominantly from the Actinomycetales order including Cellulomonas sp., Microbacterium 
arborescens, Arthrobacter spp., and Cellulosimicrobium sp.  Other bacteria included E. coli, 
Actinobacillus sp., and Staphylococcus sp.; all a variety of enteric, commensal or 
environmental bacteria (Chapter 5).  This is similar to MRLS where the bacteria isolated 
were primarily Actinobacillus sp. and α-haemolytic Streptococcus sp. with lesser numbers 
of mixed bacteria including E. coli, Pantoea (Enterobacter) agglomerans, Serratia 
marcescens, Aeromonas spp., Enterobacter spp., Acinetobacter spp., β-haemolytic 
Streptococcus spp., Staphylococcus spp. and other coliforms (Donahue, 2003).      
In Chapters 6 and 7, the histopathological repercussions of gavaging mid-term pregnant 
mares with Processionary caterpillars were examined and delineated the path of caterpillar 
setae from the mare’s gastrointestinal tract to the foetal membranes with the associated 
inflammation and bacterial organisms.  In this Chapter, the bacteria isolated from mares, 
aborted foetuses and compromised foals in these experimental studies are reported.  
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8.2   Materials and Methods   
 
The mares examined in this study participated in an experimental program that sought to 
establish the relationship between PC ingestion and the occurrence of EAFL (Cawdell-
Smith, 2013). The experiments and study groups are outlined in detail in Chapters 6 and 7.   
8.2.1  Bacteriology   Microbiology samples from mares euthanized for experimental or 
humane reasons were collected aseptically during necropsy and processed as described in 
Chapter 3.   
8.2.2   Virology   Fresh foetal lung and thymus or placenta (if foetus not available) were 
placed in virus culture medium and tested for Equine Herpes Virus-1 (EHV-1) by polymerase 
chain reaction (PCR) at the Queensland Department of Primary Industry, Yeerongpilly 
Veterinary Laboratory, Brisbane.    
8.3   Results  
 
Virological testing on all samples was negative for EHV.  Bacterial culture results from 
tissues and fluids from aborted foetuses and foals are summarized in Table 8.1 with 
GenBank numbers from some isolates detailed in Table A.2.   Culture of stomach contents, 
lung, heart blood, amniotic fluid and allantoic fluid from the control foetus were all negative 
for bacteria at 5 days.  Bacterial culture results from limited tissues of euthanized 
experimental mares are summarized in Table 8.2.  Cultures of the uterus, heart blood, liver, 
lung and aqueous humour from the control mare were negative at 5 days.  Stomach contents 
and lung aspirates were cultured from all aborted foetuses and foetuses from euthanized 
mares and stomach content was available from the still born foal.  Samples from the lung, 
heart blood, and liver were available from two full term foals; one still born and one dying 
two days post foaling.   
Stomach content aspirates were positive for organisms in 94% (16/17) of the foetuses and 
foal with 32% (5/16) of positives recovering two organisms and 68% (11/16) recovering one 
isolate.  Lung aspirates had a similar success rate with 94% positive (17/18), including 5/17 
(29%) mixed infections of two organisms or more and the remainder as pure growth of one 
organism (71%).  Heart blood was cultured from 16 cases with 12/16 (75%) positive with 
9/12 (75%) recovering one organism.  Liver was sampled in 17 cases with 15/17 (88%) 
returning a positive culture and 4/15 (26%) of positive cultures were mixed.   Amniotic fluid 
and allantoic fluid were only able to be collected from 11 and 4 cases respectively.  All 
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cultures were positive from the amniotic fluid (11/11) with 8/11 (73%) present as mixed 
growth.   Seventy-five percent of cultures from the allantoic fluid were positive for growth 
with 100% of those mixed isolates.  Samples from swabbed tissues were considered to have 
a high probability of contamination due to contact with the mare’s vaginal vault during 
parturition and the environment after expulsion but in all three cases the organisms present 
in the stomach content and/or lungs were also present on the surface of foetal membranes 
(Table 8.1).  
Thirty-eight different bacteria were isolated from various tissues in 19 foetuses or foals 
where samples were available.  The habitats of the isolated organisms and any previous 
associations with placentitis or abortion are detailed in A.1 of Appendix IV.  The most 
common organisms isolated were Streptococcus equinus, Enterococcus faecium and 
Escherichia coli (four cases each) followed by Streptococcus gallolyticus subsp gallolyticus 
and coagulase negative Staphylococcus sp. at 3 cases each.  Streptococci were the 
predominant genus with 8 species isolated.   Strictly environmental or dermal commensal 
bacteria consisted of Corynebacterium glutamicum (2 cases), Aerococcus viridans, 
Aerosphaera taetra, Cellulosimicrobium cellulans, Dietzia maris, Enterobacter cloacae, 
Microbacterium testaceum, Stenotrophomonas maltophilia, Pseudomonas stutzeri, and 
Wautersiella falsenni at one case each.  GenBank accession numbers for selected 
organisms from various locations are detailed in A.2 of Appendix IV.   
Samples taken from the mares were limited.  A summary of the results are detailed in Table 
8.2.  Four mares had uterine cultures of which 50% (2/4) had positive growth. The same 
bacteria isolated from the uterus of mare 3 (Streptococcus gallolyticus subsp. gallolyticus) 
was also isolated from her foetus (F16) in pure culture from the SC, lung, HB, liver, and 
amniotic fluid.  Mare 4 had a positive polymicrobial culture from the lung and mare 6 had a 
positive polymicrobial heart blood culture. Both mares were euthanized due to colic (Table 
6.1).  Limited samples taken from the gastrointestinal tract were for screening purposes to 
determine if bacteria associated with clinical EAFL cases were present in the mares and 
results are detailed in Table 8.2.  
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Table 8.1   Bacteria isolated from aborted foetuses and compromised foals of mares gavaged with Processionary caterpillars 
(Ochrogaster lunifer) during mid-gestation a 
  
FOETUS DOSE SETAE STOMACH LUNG HEART 
 BLOOD 
LIVER AMNIOTIC 
FLUID 
ALLANTOIC  
FLUID 
OTHER 
SITE 
OUTCOME 
(DPT) 
1 100gWC Y St. orisasini St. orisasini NC NEG St. orisasini NC none AB(4) 
           
2 100gWC Y Streptococcus 
gallolyticus subsp 
gallolyticus 
Streptococcus 
equinus 
NC St. equinus St. equinus 
M. testaceum 
NC  AB(9) 
           
3 100gWC Y Ar. hydrophyla 
L. salivarius 
Ar. hydrophyla 
L. salivarius 
Ar. hydrophyla Ar. hydrophyla Ar. hydrophyla 
L. salivarius 
Ar. hydrophyla 
L. salivarius 
Coryne. sp 
 
CH:  L. salivarius 
Ar. hydrophyla 
Coryne.  sp 
E. coli 
 
AB(11) 
4 1g EX N C. cellulans  
 
C. cellulans 
P. vulgaris 
M. morganii 
E. coli 
P. vulgaris P. vulgaris NC NC PCF: 
CNS 
C. cellulans 
Bacillus sp. 
V. fluvialus 
AB(67) 
           
5 2g EX N Ps. stutzeri 
 
Ps. stutzeri 
S. maltophilia 
NEG Pseudomonas 
sp. 
Ps. stutzeri 
Coryne.  sp 
K. pneumoniae 
NC CH:  Ps. stutzeri 
Coryne. sp 
K. pneumoniae, 
A. tetetra 
AL:  Ps. stutzeri, 
Coryne. sp 
K. pneumoniae A. 
tetetra 
Aer.viridans 
Pr.propionicum 
AB(6) 
           
6 5g EX Y P. caballi P. caballi 
W. falsenni 
Cor. 
glutamicum 
 
P. caballi P. caballi 
W. falsenni 
D. maris 
NC NC None AB(6) 
7 5g EX Y St. equinus St. equinus St. equinus NC A. equuli 
St. equinus 
P. aeruginosa 
CNS 
St. equinus 
K. pneumoniae 
CNS 
 
UC: 
St. equinus 
K. pneumoniae 
CNS 
 
AB(3) 
8 50g WC Y St. equinus St. equinus  St. equinus St. equinus NC NC None AB(17) 
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a Grey, aborted foetuses; blue, euthanized foetuses; yellow, foals; DPG, days post treatment; bacterial organisms present histologically; WC, whole caterpillar; EX, caterpillar 
exoskeleton; g, gram; N, negative; UC, Umbilical cord; PCF, pericardial fluid; CH, chorion; AL, allantois; PLF, pleural fluid; A, Aerosphaera; Aer, Aerococcus; Ar, Aeromonas; BT, 
Bisgaard taxon; C, Cellulosimicrobium; Corye, Corynebacterium; CNS, Coagulase negative Staphylococcus; D, Dietzia; dysg, dysgalactiae; E, Escherichia; Ec., Enterococcus; Ent, 
Enterobacter; K, Klebsiella; L, Lactobacillus; M, Microbacterium; P, Pasteurella;  Pr, Propionibacterium;   Ps, Pseudomonas; St, Streptococcus;  W, Wautersiella; subsp, 
subspecies; NEG-no growth after extended incubation; AB-abortion; EWM, Euthanased with Mare; FT, full term; NC, not collected; Y, yes; N, no. 
9 50g WC Y St. orisasini 
Lactobacillus sp. 
St. orisasini 
 
St. orisasini 
Coryne. sp. 
Lactobacillus  
sp. 
St. orisasini 
Lactobacillus sp. 
NC None AB(6) 
           
10 50g WC N/A P. caballi 
 
P. caballi P. caballi P. caballi NC NC None AB(5) 
 
           
11 50g WC Y Ent. cancerogenous 
St. gallolyticus  
subsp. gallolyticus  
Ent. 
cancerogenous 
Ent. 
cancerogenous 
Ent. 
cancerogenous 
NC NC None AB(22) 
           
12 
 
50g WC Y St. suis St. suis St. suis St. minor St. minor  
Ec. Faecium 
St. minor None AB(10) 
           
13 50g WC Y L. equigenerosi  
St. equinus  
St. equinus St. equinus St. equinus 
E. faecium   
St. equinus 
Coryne. glutamicum 
NC none AB(11) 
           
14 100gWC Y L. salivarius 
E. coli 
L.salivarius NEG BT 10 
S.equinus 
L. salivarius 
St. equinus 
St. equi ssp zoo. 
 
L. salivarius 
BT 10 
None EWM(8) 
15 50g WC Y NEG NEG NEG NEG Strep mitis group NC None EWM(2) 
           
16 50g WC Y St. gallolyticus subsp 
gallolyticus 
St. gallolyticus 
subsp 
gallolyticus 
St. gallolyticus 
subsp 
gallolyticus 
St. gallolyticus 
subsp 
gallolyticus 
St. gallolyticus 
subsp gallolyticus 
 
NC None EWM(4) 
           
17 1g EX N NC NC NC NC NC NC UC: E.faecium 
Ec. casseliflavus 
St. dysg subsp 
equi 
PT 
           
18 1g EX N NC NC NC NC NC NC None FT 
           
19 2g EX N NC NC NC NC NC NC None FT 
           
20 2g EX N NC Ent. cloacae 
E. coli 
Ent. cloacae Ent. cloacae 
E. coli 
NC NC None FT died 
           
21 50g WC N L. equigenerosi 
 
CNS NEG NEG NC NC PLF:  E. faecium 
 
FT 
stillborn 
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Table 8.2.  Bacteria isolated from pregnant or post-abortion mares euthanized after gavage with Processionary caterpillars (Ochrogaster 
lunifer) a 
 
Mare 
No 
Foetus 
No 
Study 
Groupb 
Treatment 
Dose WC 
(g) 
Setae-
Ut 
Uterus 
(GAN) 
Heart blood Liver Lung Eye GIT Foetal 
Outcome 
1 C 3(A) 0 Neg NG NG NG NG NG Not done EWM 
2 15 3B) 50 Yes NG NG NG Not done NG Not done EWM 
3 16 3(B) 50 Yes St.  gallolyticus 
subsp. 
gallolyticus 
(KF933530) 
 
NG NG Not done NG Stomach  
E.coli 
Pasteurella 
pneumotropica, 
Erysipelothrix 
rhusiopathiae 
EWM 
4 14 1 100 N/A Not done NG NG E.coli, St.bovis 
II, 
St. equi subsp. 
zooepidemicus 
Not 
done 
Not done EWM 
5 12 3(C) 50 Yes Streptococcus 
minor  
(KF933520) 
 
Not done NG NG NG Not done aborted 
6 2 1 100 Yes Not done Corynebacterium 
sp. 
Streptococcus equi 
subsp 
zooepidemicus 
E. coli Not done Not 
done 
DUOD:  
Actinomyces sp. 
Aeromonas veronii,  
Streptococcus bovis I 
Streptococcus minor* 
JEJ:  
Streptococcus minor* 
Streptococcus bovis, 
E. coli, Klebsiella 
pneumoniae, 
Trueperella pyogenes*, 
Actinomyces sp.* 
 
aborted 
7 11 3(C) 50 Yes Not done Not done Not 
done 
Not done Not 
done 
Not done aborted 
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a      GAN; GenBank accession number after 16S rRNA sequencing; No, number;  (g), grams; WC, whole caterpillar; Ut, uterus; GIT, 
Gastrointestinal tract; NG, no growth; EWM, euthanized with mare; N/A, not available for examination; subsp, subspecies; sp., species; 
St, Streptococcus; E., Escherichia; DUOD, duodenum; JEJ, jejunum. 
 
b        Study groups:  1, from experiment 1 and gavaged by nasogastric tube with whole caterpillar emulsified in 500ml of distilled water 
daily for 5 days.  3 (a),  from experiment 3 group a- mares which were mares undergoing gavage with 500ml distilled water (controls 
Group A) and never been exposed experimentally to caterpillars;  3(b), from experiment 3 group b- mares gavaged with 50g whole PC 
(Group B) emulsified in 500ml distilled water once daily for 5 days and not been previously exposed to caterpillars; 3(c), from experiment 
3 group C- mares which had been exposed to caterpillar exoskeleton, rebred, and were back in foal and gavaged with 50g whole 
caterpillars emulsified in 500ml distilled water for 5 days. Full details are in the individual chapters.  
 
*   Streptococcus minor-duodenum (KF933488); Streptococcus minor- jejunum (KF933485); Actinomyces sp.-jejunum (KF933485); 
Trueperella pyogenes-jejunum (KF933487).   
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8.4   Discussion   
 
The studies of Cawdell-Smith (2013) and results of Chapters 6 and 7 demonstrate that 
ingested Processionary caterpillars cause EAFL with extensive migration of caterpillar setal 
fragments in tissues following oral exposure. The presence of setal fragments in the 
allantochorion of aborted foetuses indicates that setae must travel through the 
gastrointestinal tract into the uterus to reach the foetal membranes.  This migration may 
explain the range of presentations associated with EAFL ranging from early to late-term 
pregnancy loss, focal mucoid placentitis, stillbirth and perinatal complications depending on 
the stage of gestation at the time of exposure (Cawdell-Smith, 2013; Chapters 7, 9).  Setal 
fragments have been found in the allantochorion of clinical equine abortions indicating setae 
migrate after natural exposure as well as experimental exposure (see Chapter 10). As only 
a few of the bacteria isolated in these experiments have been described in association with 
abortions or infections in any animal species (A.1, Appendix IV), the migration of setae as 
the vector would explain several aspects of these findings. 
8.4.1 Experimental findings in relation to clinical cases 
The bacteria isolated from experimental cases mimic isolates from clinical cases of EAFL 
with a slightly broader range of bacteria and different dominant species (Chapter 5). In 40% 
of clinical cases, environmental coryneforms were the primary isolates which may be a 
reflection of the area of first exposure; the oral cavity (Chapters 4 and 5). Natural ingestion 
of caterpillar exoskeleton during normal grazing would allow environmental bacteria existing 
on plant material and within soil to intermingle with oral flora, caterpillar material, and saliva 
during mastication.  The period of time grazed material spends in the mouth may establish 
a close association between the environmental bacteria and/or oral flora with the setal 
fragments leading to the dominance of environmental coryneforms seen in clinical cases 
(Hoquet et al., 1985; Bailey and Love, 1991; Chapters 4 and 5). Experimental cases had a 
dominance of oral and enteric bacteria (Table 8.3), primarily Streptococcus spp.  The high 
prevalence of Streptococcus spp., Lactobacillus spp. and Actinobacillus equuli within the 
equine stomach would increase the likelihood of first contact with the slurried caterpillar 
setae when directly gavaged into the stomach compared with the oral bacteria in the mouth 
which is bypassed (Morita, 2009; Perkins et al., 2012).   The bacterial diversity of the clinical 
and experimental EAFL isolates may be a reflection of the diversity of bacteria within the 
oral/soil/pasture microbial community and gastrointestinal bacterial flora respectively. 
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Streptococcus isolates from various foetuses were originally identified as Streptococcus 
mutans or Streptococcus bovis I/II using API Strep (Biomerieux Australia Pty Ltd, Baulkham 
Hills, New South Wales, Australia) identification kits as described in Chapter 3.  Subsequent 
16S rRNA sequencing of those isolates changed the initial identity from Streptococcus 
mutans to Streptococcus orisasini, Streptococcus bovis to Streptococcus equinus, and a 
novel Streptococcus sp. to Streptococcus minor (Vancanneyt et al., 2004; Hinse et al., 2011; 
Takada et al., 2013).  The nomenclature changes, identification of new species, and 
genotypic identification makes it difficult to compare the isolates from these experimental 
studies to those of the clinical EAFL isolates, MRLS isolates, and other diseases caused by 
Streptococcus spp.  β-haemolytic Streptococcus spp. are considered pathogenic in horses 
and are identified to the species level in diagnostic specimens, however, non-haemolytic or 
α-haemolytic organisms are considered non-pathogenic and routinely identified only to the 
genus level (Quinn et al., 1994; A.P. Begg, pers. comm.).  The description of St. minor and 
St. orisasini indicate these organisms are α- or non-haemolytic on blood agar and non-
typable by Lancefield carbohydrate antigen detection tests (Vancanneyt et al., 2004; Takada 
et al., 2013).  The α-haemolytic non-typable Steptococcus spp. isolated from the clinical 
cases of EAFL may be one or both of these species of Streptococci indicating a similarity in 
the Streptococcus spp isolated from both clinical and experimentally induced EAFL.   At the 
time of writing this thesis, infections caused by St. minor and St. orisasini have not been 
reported. 
The collection of samples from the euthanized mares was limited due to time and resource 
constraints. While trying to screen the GIT for environmental coryneforms as found in clinical 
EAFL cases, the task of identifying the large number of organisms present proved too vast 
to be performed accurately due to limited funding and the confines of traditional culture 
techniques as outlined in Chapter 3.  Consistent collection of reproductive tract swabs from 
the euthanized mares would have been ideal to investigate the presence of bacteria within 
the uterus of all of the mares compared to any positive cultures from their foetuses.  
However, the unexpected cases of colic and subsequent euthanasia of mares in the initial 
experiments occurred prior to the establishment of a protocol for specimen collection for 
mares and only 4 uterine samples were collected.   
The isolation of Streptococcus gallolyticus subsp gallolyticus from the uterus of Mare 3 as 
well as the lung, heart blood, stomach, and liver from her foetus (F16) is likely significant as 
this mare was still pregnant at the time of euthanasia with moderate endometrial 
inflammation on histopathology suggesting a role for this organism as a primary pathogen 
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(Chapter 6).  It is more difficult to interpret the isolation of Streptococcus minor from the 
uterus of Mare 5 as she aborted 12 hours prior to euthanasia and had an open cervix and 
involuting uterus. It is unknown if Streptococcus minor has been isolated in routine pre-
mating swabs or cases of endometritis as routine diagnostic laboratories may only give a 
general genus description of an α-haemolytic or non-haemolytic Streptococcus sp. (AP 
Begg, pers. comm; Rickets, 2011).    However, non-haemolytic Streptococci were isolated 
from clinical cases of MRLS including unidentified Streptococcus spp. closely related to 
Streptococcus mutans, the group to which Streptococcus minor is closely related (Chapter 
5; Donahue et al., 2003; Vancanneyt et al., 2004).  
Streptococcus gallolyticus subsp gallolyticus was isolated from multiple sites of 2 foetuses 
(F2,16) as well as the uterus of the mare which aborted F16 ( from M3).  This organism has 
been strongly associated with human cases of endocarditis coexisting with colorectal cancer 
and the proliferation of this organism secondary to rumen acidosis can lead to bloat in feedlot 
cattle (Rusniok et al., 2010).  Virulence factors are not well described for S. gallolyticus and 
various studies have shown it is able utilize and ferment a diverse range of carbohydrates 
including N-acetylglucosamine, degrade tannins and colonize a variety of environments 
(Rusniok et al., 2010).  The extracellular capsule, a known virulence factor, allows S. 
gallolyticus to evade complement for persistence in the bloodstream and the production of 
an insoluble glycan allows this organism to adhere to smooth surfaces like the surface of a 
tooth and contribute to biofilm formation (Rusniok et al., 2010).   S. gallolyticus also has a 
surface protein for collagen binding which may play a role in its ability to cause endocarditis 
and may aid is adherence to damaged epithelium (Rusniok et al., 2010; Boleij et al., 2011).  
The unique ability of S. gallolyticus to bind to hard surfaces like the tooth, degrade tannins 
and/or produce biofilms may enable an interaction with caterpillar setae which promoted the 
translocation of this organism from the gut into the uterus of M6 and into her foetus (see 
Chapter 11 for further discussion).  
Lactobacillus spp. were isolated from the stomach contents of 5 foetuses/foal (F3,9, 13, 14, 
21) and the lungs of 2 foetuses (F3, 14).  One isolate was not able to be further identified 
using phenotypic methods but the remaining isolates were identified using 16S rRNA 
sequencing as Lactobacillus salivarius and Lactobacillus equigenerosi (Table 8.1; Table A.2 
Appendix IV).   These organisms are commensals of the oral cavity and gastrointestinal tract 
of horses but have not been reported as isolated from the urogenital tract in horses (Morita 
et al., 2009).  In humans, 1 case of chorioamnionitis with foetal infection has been described 
and only sporadic incidence of orthopaedic infections following bacteraemia are reported 
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(Lorenz et al., 1982; Jacobson et al., 2014).  Bacteraemia with oral associated Lactobacillus 
spp. is thought to occur secondary to dental disease (Jacobson et al., 2014).  Bacteraemia 
is an unlikely route of infection for F14, euthanized with its dam (M4) as the mare had a 
negative heart blood culture suggesting Lactobacillus sp. bacteraemia was not the 
underlying cause of foetal infection.  Instead, translocation of Lactobacillus sp. from the gut 
to the foetal membranes in these studies could have occurred due this organism’s strong 
tendency to auto-aggregate and co-aggregate with other pathogenic and non-pathogenic 
bacteria for biofilm formation (Botha et al., 2012; Chapter 11).   
Bisgaard Taxon-10 (Genbank KF933466, KF933467) was isolated from the liver and 
allantoic fluid of F14 in mixed culture.  This organism has been isolated from the oral cavity 
in horses and an organism very similar to Bisgaard Taxon-10 was isolated from 28 clinical 
MRLS cases and 1 MRLS associated pericarditis case (Guettler et al., 1999; Donahue et 
al., 2006).  Bisgaard taxon 10 is closely related to Actinobacillus succinogenes but is not 
well characterized in the literature (Guettler et al., 1999). The factors which allow this 
organism to translocate with caterpillar setae and infect these areas of the foetus may be 
related to a characteristic of Actinobacillus spp. in general and are discussed in Chapter 11.  
8.4.2 Role of migrating setal fragments 
The isolation of Streptococcus sp. in the amniotic fluid of F15, euthanized 2 days after first 
exposure (Table 8.1), but not from the lung or stomach contents may suggest primary 
colonization of the amnion/amniotic fluid.  This is supported by the gross and histological 
findings of clinical and experimental cases of EAFL where inflammation is more pronounced 
in the amnion in very acute cases (Cawdell-Smith et al, 2013; Chapters 4, 6, 7).  From 3 
days post exposure onwards, at least one organism isolated from the amniotic fluid in the 
remaining 10 foetuses was also isolated from stomach contents and lung aspirates.   
Similarly in the 3 foetuses where allantoic fluid aspirates were available the same organisms 
present in the allantoic fluid were also present in the lung and stomach contents.  This data 
indicates that infection of the foetus is rapid after the bacteria reach a fluid compartment 
surrounded by allantois or amnion.   
The presence of polymicrobial isolates in these samples may be multifactorial.   
Contamination at the time of collection or post-mortem autolysis can be complicating factors. 
However, while there is a high likelihood of contamination of the surface of tissues such the 
chorion, allantois, or umbilical cord during and after abortion, tissue and fluid aspirates from 
internal organs were generally taken immediately post-expulsion or euthanasia using well-
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described aseptic technique (Chapter 3) and should not be contaminated.  The migration of 
multiple setal fragments or mixed colonization of a single setal fragment carrying different 
bacteria must also be considered possible resulting in bacteria inoculated into tissues and 
fluids and recovery of mixed bacteria.  As the majority of aborted or euthanized foetuses 
had >1 setal fragment within the allantochorion (Table 7.2) it is not surprising that multiple 
different organisms were isolated from different foetal sites.  Varying conditions within the 
foetal membrane tissues or amniotic fluid may also promote the growth and colonization of 
a particular organism or allow the overgrowth of dominant bacteria.  
The route of foetal infection and spread of bacteria may also depend on the migration path 
of the setal fragment.  Setal fragments were found at all levels of the allantochorion including 
in the tunica media and within the lumen of allantoic vessels.  Seeding of bacteria into the 
placental vasculature leading to haematogenous spread via the foetal circulation may be 
one route.  Migration of setal fragments into the EEC of the allantochorion or directly through 
to the amnion may allow bacteria access into the amniotic cavity and thus the lungs and 
stomach contents of the foetus.  The variability of setal migration related to location, speed 
through the tissues, and type of bacteria involved makes multiple modes of foetal infection 
possible.   
Haematogenous infection from the mare to the foetal membranes has been considered as 
discussed above. Horses have epitheliochorial placentation in which the blood of the mare 
and foetal membrane circulation do not mingle (Morresey, 2011).  Organisms in the mare’s 
circulation would have to breach the vasculature of the endometrium and the allantochorion 
to reach the foetus with minimal chorionic pathology.  The isolation of a Corynebacterium 
sp. and Streptococcus equi subs zooepidemicus from the heart blood of a mare euthanized 
due to colic but not from her foetus is consistent with the lack of maternofoetal mingling of 
blood.  From this foetus, Streptococcus gallolyticus subsp gallolyticus and Streptococcus 
equinus were isolated from the stomach contents and lungs respectively (F2).  Migration of 
setal fragments and the focal necrosis described as a feature could result in structural 
changes of the uterine and trophoblast epithelial surfaces including loss of ciliated cells, loss 
of mucosal barrier integrity and damage to microcotyledons (Lu and Morresey, 2006; 
Chapters 6 and 7).   While setae-induced infection of the microcotyledon may be a plausible 
explanation of the pathogenesis of focal mucoid placentitis, this is an unlikely aetiology for 
the broader manifestations of EAFL due to the generally minor involvement of the chorion 
in classic clinical EAFL cases (Chapter 4).  Maternal haematogenous bacteraemia by 
organisms with a tissue tropism for the amnion also seems unlikely.  The variety of 
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organisms isolated in this study and not previously associated with abortion would be 
required to produce specific adhesins at the appropriate time of bacteraemia with receptors 
to those adhesins present in the specific tissue or site (Korea et al, 2011).    
8.4.3  Possible connections between setae, chitin, and bacterial translocation 
The mechanisms by which such a wide variety of bacteria associate with the setae to 
facilitate translocation to foetal tissues are not known. This raises a number of questions 
and is open to speculation.  Research on Thaumetopoea sp. indicate that the setae are 
composed of a chitin skeleton with a protein matrix covered by tannin-bound lipoproteins, 
wax, and mucopolysaccharides (Battisti et al., 2011).   The possible role played by the 
chitinous composition or the structure of caterpillar setae in allowing biofilm formation and/or 
assisting bacteria to translocate to the allantochorion or amnion is addressed in Chapter 11. 
8.5  CONCLUSIONS 
 
The variety of bacteria recovered from experimental exposure to caterpillars mimics the 
variety of bacteria in clinical cases with small differences in dominant forms of organisms 
related to oral or direct gavage into the stomach.  Isolation of mixed bacteria from normally 
sterile sites may be a reflection of the migration of multiple setal fragments into the tissues 
or colonization of an inoculating fragment by multiple bacteria or simply contamination at the 
time of collection.  The ability of bacteria to “adhere” to caterpillar setae for ultimate 
translocation from the gut into the foetal tissues may be related to the ultrastructure of chitin 
within setae and/or biofilm formation by enteric or environmental bacteria.   
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9.1 Introduction 
 
Focal mucoid placentitis, often referred to as nocardioform placentitis, is occurring more 
frequently in recent years and is generally associated with organisms from the order 
Actinomycetales (Swerczek, 2006; Erol et al., 2012).  In Kentucky and Florida, Rhodococcus 
rubropertinctus, Crossiella equi, Amycolatopsis spp., Streptomyces spp. and 
Cellulosimicrobium cellulans (formerly Oerskovia xanthineolytica) have been frequently 
isolated (Thomas and Gibson, 1982; Edwards and Simpson, 1988; Volkmann et al., 2001; 
Donahue et al., 2002; Labeda et al., 2003; Bolin et al., 2004; Cattoli et al., 2004; Christensen 
et al., 2006; Erol et al., 2012).  Reported clinical cases in Australia isolated Amycolatopsis 
spp., Cellulosimicrobium cellulans, Microbacterium oxydans, and Cellulomonas flavigena 
(Chopin et al., 2010).  Organisms other than actinomycetes have been isolated in 
association with an identical focally extensive chronic active mucoid chorionic lesion 
including Acinetobacter spp., Arcanobacterium hippocoleae, Pantoea agglomerans, 
Pseudomonas spp., Enterobacter spp., Enterococcus spp., Staphylococcus spp. and 
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Mycobacterium spp. (Gibson and Eaves, 1981; Gibson et al., 1982; Williams et al., 2005; 
Bemis et al., 2008; Bryant, 2008; Johnson et al., 2012; Chapter 2). 
Grossly, focal mucoid placentitis consists of a single to multiple focally extensive circular to 
irregular areas on the chorionic surface of the allantochorion. Lesions can occur anywhere 
but are more common at the junction of the horns or body and even adjacent to the cervical 
star (Swerczek, 2006).  Generally, there is a thick brown tenacious material on the villous 
surface, thickening of the underlying and surrounding allantochorion and occasionally 
nodules on the corresponding allantoic surface (Swerczek, 2006; Chopin et al., 2010). 
Histologically, villi are blunted or absent with squamous metaplasia of the trophoblast in 
chronically affected areas (Swerczek, 2006).  The villous surface is covered with an 
amorphous eosinophilic material containing neutrophils and the causative bacteria 
(Swerczek, 2006).  Fibrovascular proliferation is present in the subvillous chorionic stroma 
with infiltration of large numbers of lymphocytes and plasma cells (Swerczek, 2006).  
Macrophages and neutrophils are present in lesser numbers but this can vary around the 
active areas of the lesion (Swerczek, 2006). 
The presence of lesions in the other foetal membranes and foetus may vary with the 
organism isolated from the lesion. Allantoic involvement, funisitis and amnionitis are 
reported with some cases in Australia and in cases involving Cellulosimicrobium cellulans 
in the USA (Chopin, 2010; Bolin et al., 2004).  Adenomatous epithelial hyperplasia of the 
allantois has been reported in association with focal mucoid placentitis involving various 
organism including Amycolatopsis spp. (Hong et al., 1993a; Swerczek, 2006; Christensen 
et al., 2006).   
In this chapter, the histopathology and microbiology of four cases of focal mucoid placentitis 
involving caterpillar exposure are detailed.  Two of these cases occurred in studies 
investigating the effect of exposing mares to caterpillars in early gestation (Cawdell-Smith 
2013; Cawdell-Smith et al., 2013).  This unexpected experimental outcome is the first 
occasion in which this condition has been induced and provides an insight into the possible 
role of caterpillars in the pathogenesis of naturally occurring focal mucoid chronic active 
placentitis. 
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9.2 Materials and Methods 
 
9.2.1 Mare and pregnancy details  
 
Experimental cases Two experiments examined the effect of early gestation 
exposure to Processionary caterpillars in pregnant mares and have been detailed elsewhere 
(Cawdell-Smith et al., 2013)   Briefly, the first experiment investigated exposure in the pre-
placentation stage (prior to 30days) and the second experiment investigated exposure 
during the early placentation stage (45-90 days).  In each experiment six confirmed pregnant 
Standardbred mares were challenged orally with 5g of shed caterpillar exoskeleton once 
daily for five days, with six pregnant control mares gavaged with saline. (Cawdell-Smith et 
al., 2013).  Case 1 was in the pre-placentation group with dosing commencing on day 25 of 
gestation and ending on day 29 (5 days).  Case 2 was in the early placentation group with 
dosing commencing on day 46 of gestation and ending on day 50 (5 days). Transrectal 
ultrasonic examination was used to assess changes in amniotic and allantoic fluids and the 
viability of the foetuses during the experiments.  
Clinical cases In case 3, a pregnant Australian Stockhorse mare was maintained in 
paddocks of native pasture containing Eucalyptus trees with known caterpillar nests. The 
mare was present within this pasture from day 30 of pregnancy. Case 4 was a Thoroughbred 
mare on a stud farm in the Hunter Valley region of NSW maintained on a paddock of native 
pasture.  Multiple mares from the same paddock as Case 4 were confirmed EAFL cases 
(Chapter 4).  Foetal membranes were collected from both cases immediately after abortion 
or foaling, gross pathology was documented and the membranes were then sampled for 
microbiology, histology, and EHV-1 exclusion.  EHV PCR testing on tissues was performed 
as described in Chapter 7 for case 3 and Chapter 4 for case 4.  
 
9.2.2 Microbiology  
 
Samples for bacteriology were taken directly from placental lesions prior to collection of any 
other test samples and processed as detailed in Chapter 3.   
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9.2.3 Histopathology 
 
All tissue sample collection was carried out in a systematic manner for each set of 
membranes when available as described in Chapter 3.  
9.3 Results 
Three of the four cases were premature births. Pregnancy outcomes and bacteria isolated 
from the focal mucoid lesions are summarized in Table 9.1.  One experimental case and 
one clinical case both isolated Stenotrophomonas maltophilia from the focal mucoid lesion 
or premature foal.  Details of each case are presented below.  
 
Table 9.1: Pregnancy outcomes and bacteria isolated from experimental and clinical cases of 
focal mucoid placentitis 
 
9.3.1 Experimental cases 
Case 1.   A grossly normal foal was delivered at term (322 days) to the mare exposed at 
pre-placentation. The placenta had a 10 cm2 focal area of mucoid placentitis on the chorionic 
surface near the tip of the pregnant horn. There was a moderate amount of underlying 
placental oedema.  The remaining placenta was grossly normal.  Sphingomonas 
paucimoblis, Sphingobacterium spiritovorum and Rhodococcus spp. were isolated from the 
placental lesion. Samples of placenta were not available for histopathology.   
Case 2.  A foal weighing 17 kg was born 5 weeks preterm to the mare exposed during early 
placentation with significant flexural and angular limb deformities.  Two focal mucoid lesions 
Case 
No. 
Case type Gestational 
age at 
exposure to 
caterpillars 
(days) 
Gestational 
age at birth 
(days) 
Pregnancy 
outcome 
Bacteria isolated 
1 Experimental 25-29  322 
 
Live Sphingomonas paucimoblis 
Sphingobacterium spiritovorum  
Rhodococcus sp. 
 
2 Experimental 46-50  297 
 
Live Stenotrophomonas maltophilia 
3 Clinical >35  306 
 
Stillborn 
 
Enterobacter cloacae 
4 Clinical Unknown 306 
 
Live Stenotrophomonas maltophilia 
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were present on the chorionic surface of the allantochorion; a 22 cm2 lesion involving the 
chorion at the base of the pregnant horn and a 12 cm2   lesion in the middle of the non-
pregnant horn (Figure 9.01). The tan exudate associated with both lesions was thick, 
tenacious and mucoid. The area underneath the discharge was smooth with a sharply 
demarcated edge between normal and abnormal tissue. The amnion was oedematous, with 
tortuous vessels in a 25cm radius from the union with the umbilical cord.  The amniotic 
portion was oedematous around the area of umbilical attachment to the foal.    
Stenotrophomonas maltophilia was isolated from the large lesion on the surface of the 
allantochorion.   
 
Figure 9.01  
Allantochorion, , 
premature foal, Case 
2. Focally extensive 
mucoid placentitis in 
the centre of the non-
pregnant horn. HE. 
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Figure 9.03. 
Allantochorion
, premature 
foal, Case 2. 
Area of 
chronic 
placentitis 
with 
squamous 
metaplasia of 
the chorion 
and subvillous 
chorionic  
stroma 
fibrovascular 
proliferation. 
HE. 
 
Figure 9.02. Allantochorion, premature foal, Case 2.  Chronic active necrotizing chorionitis 
extending into the deep subvillous chorionic stroma (arrows) and obliterating the EEC. HE.  
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Histopathology of the lesions included focal chronic active necrotising chorionitis extending 
into the subvillous chorionic stroma in the area of the mucoid lesion (Figure 9.02).  This was 
characterised by degenerate neutrophils within the villous lamina propria, infiltration of the 
superficial subvillous chorionic stroma by mature neutrophils intermingled with lymphocytes, 
plasma cells and lesser numbers of macrophages.  Stage I allantoic adenomatous 
hyperplasia was present in the allantois opposing the active lesion.  More chronically 
affected areas of the lesion exhibited complete absence of villi with squamous metaplasia 
of the trophoblastic epithelium, subvillous neovascularisation and infiltration of the subvillous 
chorionic stroma with lymphocytes, plasma cells, and macrophages (Figure 9.03).    
Funisitis was characterized by diffuse infiltration of the allantoic surface by moderate 
numbers of lymphocytes and macrophages with scattered neutrophils primarily in 
perivascular areas. Deposited squamous epithelial cells were present on one surface with 
a florid mixed inflammatory reaction consisting of macrophages, lymphocytes, neutrophils 
Figure 9.04. 
Umbilical cord, 
premature foal, case 
2.  Cross-section of a 
hair shaft in the EEC 
of the umbilical cord. 
HE. 
 
Figure 9.05. Amnion, 
premature foal, Case 
2.  Bacilli (arrows) 
colonizing the 
coelom of the 
amnion. HE. 
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and multinucleated giant cells. Hair shafts and macrophages were present in low numbers 
in the EEC (Figure 9.04).  Amnionitis was characterised by diffuse neutrophil margination in 
the vessels and perivascular neutrophils with small amounts of fibrin and low numbers of 
neutrophils within the EEC.  Bacilli were found in low numbers colonizing the surface of the 
EEC (Figure 9.05).   
 
9.3.2   Clinical Cases 
 
Case 3   The mare had a pre-term birth (day 306 of gestation) with a stillborn foal and 
a sharply defined 20cm2 mucoid lesion on the pregnant horn.   Enterobacter cloacae was 
isolated from the placenta and foetus (stomach contents and lung).  Histological findings of 
the lesion included an area of severe focal chronic active chorionitis with necrosis of the 
chorionic villi and trophoblastic epithelium with underlying stage II allantoic hyperplasia 
(Figure 9.06).  Other areas of allantochorion had diffuse acute inflammation limited to the 
EEC and allantois.  A cross section of a possible setal fragment was present embedded in 
a villus of the pregnant horn with crisp edges and golden refractory colour (Figure 9.07). 
Additional sections of this area for TB staining did not reveal any embedded material.  
Severe chronic active fibrinosuppurative amnionitis and funisitis were present with areas of 
infarction and infiltration by neutrophils, lymphocytes, and multinucleated giant cells within 
the EEC (Figures 9.08, 9.09).  Fine Gram-negative bacilli were present within the necrotic 
material from all foetal membranes (Figure 9.10) and within the lung.  EHV PCR was 
negative.  
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Figure 9.06. 
Allantochorion, 
premature foal, 
Case 3.  Stage II 
adenomatous 
epithelial 
hyperplasia in the 
allantois opposite 
the chorionic 
lesion. HE. 
 
Figure 9.07.  Allantochorion, horse, premature Case 3.  Small circular golden refractory object 
(box and inset) embedded in the villous of the pregnant horn without obvious inflammation. HE. 
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Figure 9.08.  
Amnion, 
premature foal 
Case 3.  
Thrombosed 
vessel in the 
amnion with 
marked 
infiltration by 
inflammatory 
cells. HE 
Figure 9.09.  Umbilical cord, premature foal, Case 3.  Large numbers of multinucleated giant cells 
within and adjacent to the coelom along with fibrin and mixed inflammatory cell infiltrates. HE 
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Case 4  The mare presented for pre-term labour during which the foal was born live on 
day 306 of gestation but was subsequently euthanized due to a poor prognosis.  The 
placenta was intact with a well circumscribed 25cm2 circular area of thick, sticky, 
mucopurulent material at the base of the non-pregnant horn (Figure 9.11).  The chorionic 
surface underlying the material was smooth.  The allantoic surface was thickened and 
oedematous around the cord vessels with a grey diphtheritic material along the entire length 
of the umbilical cord and encompassing the amnion around the area of convergence with 
the cord. Stenotrophomonas maltophilia was cultured from the allantochorion and amnion 
as well as the lung and stomach contents of the euthanized foal. EHV PCR was negative.  
Figure 9.10.  
Amnion,  
premature foal, 
Case 3.  Bacterial 
colonization of a 
thrombosed vessel 
in the amnion. HE 
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Histopathology findings included severe chronic active fibrinopurulent necrotising chorionitis 
with fine rod-shaped bacteria in the inflammatory exudate.  The subvillous chorionic stroma 
was expanded by fibrovascular proliferation and oedema obliterating the EEC.  There was 
diffuse neutrophil infiltration of the subchorionic stroma with perivascular lymphocyte and 
plasma cell infiltration.  Stage II adenomatous hyperplasia of the allantoic surface was 
present opposing the active inflammation with the allantois expanded by fibrovascular 
proliferation, cystic areas, neutrophils, lymphocytes and plasma cells (Figure 9.12).  There 
was severe chronic active amnionitis and funisitis involving diffuse vasculitis, infarction, and 
marked stage II adenomatous epithelial hyperplasia.    There was marked congestion of 
superficial stromal vessels of the umbilical cord with a thick neutrophil layer on the surface 
and multinucleated giant cells in the more inflamed areas associated with heavy squamous 
epithelial cell and hair deposition (Figure 9.13).    
Figure 9.11. Placenta, premature foal, Case 4. Focal mucoid placentitis clinical 
case of EAFL at the base of the non-pregnant horn, Case 4. HE. 
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Figure 9.12. Allantochorion, premature foal, Case 4. Focal chronic active placentitis with stage II 
allantoic epithelial hyperplasia opposite the dense necrotic chorion, Case 4. HE.  
Figure 9.13. Umbilical cord, premature foal, Case 4. Heavy 
deposition of squamous epithelial cells and hair shafts on 
the surface of the umbilical cord with large numbers of 
multinucleated giant cells (box and inset) intermingled 
with a predominantly mononuclear cellular infiltrate. HE.  
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9.4 Discussion 
 
Experimental challenge of mid-gestational mares has shown that ingestion of Processionary 
caterpillars or their exoskeletons can cause abortion as well as premature births, terminal 
neonatal compromise in full-term foals, or have no effect resulting in a normal birth (Cawdell-
Smith et al., 2012; Cawdell-Smith, 2013).    Experimental challenge of pre-placentation 
mares of less than 45days and mares in the early placentation stage of gestation with 
caterpillar exoskeleton has also demonstrated mares may experience a similar range of 
outcomes including embryonic or foetal loss (Cawdell-Smith, 2013; Cawdell-Smith et al., 
2013).   In addition, the exposure of pregnant mares at both of these early stages of 
pregnancy has for the first time experimentally induced single or multiple focal mucoid 
lesions on the chorionic surface of the placenta (Cawdell-Smith et al., 2013). Experimental 
attempts to induce a similar lesion in pregnant mares by intravenous administration, feeding, 
and direct intracervical inoculation of Crossiella equi have been unsuccessful (Canisso et 
al., 2014).  
Setae migration from a mare’s gastrointestinal tract to the allantochorion of her foetus may 
play a role in the induction of these focal chorionic lesions as well as the other range of 
negative outcomes after early gestational exposure (Cawdell-Smith et al., 2013).  Setal 
fragments have been found at all levels of the allantochorion in areas ranging from the 
cervical pole to the bifurcation of the horns to the body (Chapters 6, 7).   Histopathology on 
the uterus of euthanized experimental mares and their foetal membranes has identified setal 
fragments within and on the surface of the endometrium, within the intervillous space as well 
as within villi (Chapters 6, 7).  Incomplete migration of a setal fragment causing an area of 
focal necrosis at the endometrial-villous interface could be an instigating event for 
intervillous surface inflammation.   
A number of factors may cause a migrating setal fragment to halt at the foetomaternal 
junction.  Setae migration during early gestation may be slowed or halted by the increased 
myometrial tone which occurs around day 17 of pregnancy.  Alternatively, the formation of 
the endometrial cups at the base of the pregnant horn by day 40 may create a dense cellular 
physical barrier to setae migration or the presence of naturally occurring avillous areas 
around the yolk sac attachment or placental folds may have a small amount of fluid 
accumulation which could also halt a migrating setal fragment.   In addition, the amount of 
setae the mare ingests, type of feedstuffs, gut flora, activity of the gut and the histological 
status of the mare’s endometrium (presence and severity of endometrosis) may also play a 
243 
 
role in advancing or halting the setae migration through the foetomaternal junction (Wilsher 
and Allen, 2003; Perkins et al., 2012). 
Mechanical presence of setae or any migrating foreign body anywhere in the endometrium 
may cause focal separation of the microvilli of the chorion from the endometrium creating a 
nutrient rich niche for opportunistic bacteria to colonise and focally spread.  The focal 
necrosis described as a feature of setal migration through the mare’s gastrointestinal tract, 
uterus, and allantochorion (Chapters 6 and 7) could result in structural changes of 
endometrial and trophoblast epithelial surface including loss of the ciliated cells, loss of the 
integrity of the mucosal barrier and damage to the microcotyledon (Lu and Morresey, 2006).    
Bacteria translocating with the setal fragment may then colonize the focal area of necrosis.    
The criteria for a confirmed EAFL case were met by Cases 3 and 4 including exclusion of 
all other causes of abortion indicating that these mares were exposed to caterpillars during 
some point in their pregnancy.  A possible setal fragment was found partially embedded in 
a villous on the pregnant horn of one clinical case. Unfortunately, serial sections did not 
reveal further areas of the possible fragment and staining characteristics were not able to 
be confirmed with TB.  The presence of this possible fragment may be due to the initial 
exposure with cessation of migration or re-exposure during normal grazing with additional 
fragments migrating through the tissues.  Setal fragments were not found after 22 days post 
exposure in mares or their aborted foetuses experimentally exposed during mid-gestation 
therefore it would be highly unlikely to find a setal fragment within a focal mucoid lesion 
many months after initial exposure due to the scope of the inflammatory response (Chapters 
6, 7).    
The bacteria isolated from these 4 cases are all environmental organisms ubiquitous in the 
environment and therefore their presence can be difficult to interpret when isolated from 
placentitis lesions on the surface of the chorion (Marinella, 2001; Hoffmann and 
Roggenkamp, 2003; Kuo et al., 2009; Prescott et al., 2010; Brooke, 2012).  Rhodococcus 
sp. and Enterobacter sp. have both been associated with sporadic cases of diffuse and focal 
placentitis (Gibson et al., 1982; Patterson-Kane et al., 2002). Sphingomonas paucimoblis 
and Sphingobacterium spiritovorum from case 1 may be contaminants but this is not 
definitive as the range of environmental bacteria isolated after experimental exposure to 
Processionary caterpillars makes it difficult to predict which bacteria may be significant even 
in a polymicrobial infection.  The Rhodococcus sp. is more likely the significant organism 
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due to its ability to induce an inflammatory response in horses (Patterson-Kane et al., 2002; 
Prescott et al., 2010).   
 
Stenotrophomonas maltophilia was isolated in pure culture from experimental Case 2 and 
clinical Case 4.  This organism is an emerging pathogen in humans but has only been 
associated with chronic lower airway disease in horses (Denton and Kerr, 1998; Winther et 
al., 2010; Brooke et al., 2012; Chapters 5, 8).   S. maltophilia can be found in soil, water, 
and the plant rhizosphere where, along with other genera like Aeromonas, Bacillus, 
Cellulomonas, Clostridium, Pseudomonas, Vibrio, and Streptomyces, it is a potent chitinase 
producer and degrades the chitin in the cell walls of fungi and insect detritus (Jankiewicz et 
al., 2012).  Bacteria from some of those other genera along with S. maltophilia have all been 
isolated from clinical and experimental EAFL cases (Chapters 5, 8).  The isolation of S. 
maltophilia from a clinical EAFL case with classic focal mucoid placentitis and an induced 
experimental case after gavage with caterpillar exoskeleton may be the link identifying the 
aetiology of the lesion- caterpillar setae migration.   
Bacteria isolated from reported cases of focal mucoid placentitis in Australia including 
Enterobacter spp., Cellulosimicrobium cellulans, Microbacterium spp. and Cellulomonas 
spp. have also been isolated from both confirmed clinical EAFL cases and/or experimental 
EAFL abortions/pre-term births (Gibson et al., 1982; Chopin, 2010; Chapters 5 and 8).  In 
Kentucky, although nocardioform bacteria predominate, additional bacteria described as 
causing a nocardioform-like lesion including Pantoea agglomerans, Enterobacter spp., 
Enterococcus spp., and Staphylococcus spp. have been isolated from MRLS cases 
(Donahue et al., 2003; Williams et al, 2005).  In both regions, caterpillar related reproductive 
disease plays a significant role in reproductive wastage and with the overlap of bacteria 
found in both countries with both entities, a role for caterpillar setae migration as the 
underlying aetiology should be considered.  
The highest incidence of focal mucoid placentitis, notwithstanding the causative organism, 
occurs in Kentucky in the USA with lesser numbers reported in Australia, and single 
incidences recorded in South Africa, Italy, England, France, and Florida, USA (see Chapter 
2).   Both countries with the highest incidence of focal mucoid placentitis also have the 
highest incidence of caterpillar related abortion. In Australia, EAFL is more insidious with 
abortions occurring consistently and not in “storms” which translates into a lower incidence 
of focal mucoid placentitis (Butt and Carrick, 2010).  It is unknown if horses in other areas 
of the world are exposed to caterpillars or their exoskeleton in a similar manner to horses in 
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Kentucky and Australia.  Hairy and urticarial caterpillars which build silken nests occur all 
over the world including Europe, the Mediterranean, Africa and recently into England 
(Heppner, 1995; Vega et al., 2011; Veldtman, 2013; Hankey, 2012).  Other species of 
caterpillars and their shed exoskeleton may cause reproductive disease including focal 
mucoid placentitis in animals similar to the Shedbera caterpillar in North Africa (Volpato et 
al., 2013; Chapter 2) Confirmation that caterpillar setae migrate from the gut to the foetal 
membranes after ingestion by the mare in conjunction with the isolation of the same 
organism in a clinical case of EAFL with focal mucoid placentitis and an induced case of 
focal mucoid placentitis after gavage with caterpillar exoskeleton, suggests that caterpillar 
setae cannot be discounted as a vector of transmission for focal mucoid placentitis,   
especially as attempts to induce the lesion via other traditional routes (transcervical, 
haematogenous, per os) have been unsuccessful (Canisso et al., 2014).   
9.6 Conclusions 
 
The induction of focal mucoid placentitis after gavage with Processionary caterpillar 
exoskeleton in early gestation in addition to embryonic/foetal loss, premature birth and 
perinatal compromise similar to mid-gestational exposure is suggestive of a common 
aetiology for both focal mucoid lesions and EAFL.  This hypothesis is supported by the 
coexistence of inflammation in the amnion and umbilical cord with the circumscribed 
exudative lesion of focal chronic active placentitis in confirmed clinical cases of EAFL.  In 
addition, the isolation of similar bacteria from two of the four described experimentally 
induced and clinical cases of focal mucoid placentitis all indicate that focal mucoid placentitis 
and EAFL related abortion may be different manifestations of caterpillar setae migration 
dependent on the stage of gestational exposure.   
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10.1   Introduction 
 
During the original investigation of EAFL in 2004 a case definition to classify the unusual 
gross and histological lesions involved in condition was determined. (Chapter 4) 
Experiments investigating the effects of gastric gavage with whole caterpillar and caterpillar 
exoskeleton in mid-gestational mares resulted in a range of outcomes from abortion to 
stillbirth that were consistent with the case definition (Cawdell-Smith, 2013; Chapter 7).  
Exposure of early gestational mares to caterpillar exoskeleton also resulted in lesions of 
EAFL and, in 2 of 12 treated mares, lesions of focal mucoid placentitis (Cawdell-Smith, 2013; 
Chapter 9).  
 
Experimental studies outlined in Chapters 6 and 7 found that caterpillar setae migrated from 
the gut to the uterus and allantochorion after oral gavage in pregnant mares, resulting in the 
characteristic pathology of EAFL however; caterpillar setae have never been recognized or 
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reported in foetal tissues from naturally occurring equine abortions in Australia or the USA 
involving MRLS.  Consequently a prospective study of naturally occurring equine abortions 
submitted from NSW and Queensland in 2012 was undertaken to see if caterpillar setae 
could be demonstrated in foetal tissues from naturally occurring cases of EAFL. This chapter 
is the first report of caterpillar setal fragments being found in placental tissues of clinical 
cases and further supports a pivotal role for setal fragment migration in the pathogenesis of 
EAFL.  It also raises questions concerning the widespread effects of caterpillar exposure in 
pregnant mares. 
10.2   Materials and Methods 
 
10.2.1 Study Group   
 
Cases of equine abortion submitted to Vetnostics (North Ryde, NSW) for histopathology 
from NSW (majority) or Queensland, Australia from January to November 2012 inclusive 
were reviewed. The referring veterinarians had performed a necropsy with variable sampling 
of the foetal membranes and organs of the foetuses.  The necropsy procedure was similar 
to that described in Chapter 3.  Minimum tissues recommended for submission of an equine 
abortion for histopathologic examination were: samples of allantochorion at the cervical pole 
and umbilical insertion, amnion approximately 10cm from the umbilical attachment, umbilical 
cord between the amnion and allantochorion, and foetal organ samples (lung, thymus, liver, 
spleen).  Additional tissues submitted were at the discretion of the submitting veterinarian 
performing the post-mortem (samples from lesions in different locations or additional areas 
of allantochorion).  
 
10.2.2 Microbiology 
 
Low numbers of lung and stomach contents aspirates were submitted for aerobic and 
anaerobic culture and were often tested by the submitting veterinarians.  When available 
the submitting veterinarians provided the results of any specimens cultured.  
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10.2.3 Virology 
 
Fresh tissues were collected for EHV-1 exclusion and submitted to the Elizabeth McArthur 
Animal Institute NSW State Veterinary Diagnostic Laboratory for PCR testing by the 
submitting veterinarians.   
 
10.2.4 Histologic examination    
Submitted fixed tissues were processed as outlined in Chapter 5.  Gram stains were utilized 
on selected sections as needed.   Sections of the allantochorion from the cervical pole and 
umbilical insertion, amnion, umbilical cord, lungs and thymus of the foetus were examined 
under light microscope (Olympus CX31, Olympus CX41- Olympus Australia, Macquarie 
Park, NSW, Australia) for histopathological changes including inflammation, infectious 
organisms, and setal fragments.  Inflammation was considered present in the foetal 
membranes when there was involvement of neutrophils within any tissue in numbers greater 
than 1/3 hpf in the allantochorion, umbilical cord, and amnion excluding the amniotic surface.  
Inflammation in the amniotic surface of the amnion was considered present when neutrophil 
numbers were greater than 1/1 hpf. (Chapter 8)  Thymic depletion within the foetuses was 
rated as described in Chapter 3.  
10.3   Results 
 
10.3.1 Overview 
One hundred and twenty-six submissions were received with a history of abortion, stillbirth, 
or perinatal death.  Fifty-six submitted cases included all suggested tissues consisting of 
samples from the allantochorion at the cervical pole and umbilical insertion, amnion, 
umbilical cord, and foetal lung, liver, and thymus.  A sample from the cervical pole area was 
missing from 10 cases. Fifteen cases consisted of submission of only foetal membranes and 
14 cases had foetal organs only submitted for examination.  The remaining cases had 
various combinations of tissues from the foetus or foetal membranes submitted. 
10.3.2 Presumptive diagnosis 
Data summarizing the submitted cases is detailed in Table 10.1.  A presumptive diagnosis 
was reached in only 82 of a total of 126 cases (65%).  In 56 cases where all suggested 
tissues were submitted, 53/56 (95%) received a presumptive diagnosis.  This rate dropped 
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to 8/10 cases (80%) when the tissue from the cervical pole area was not submitted.  Only 
5/15 (34%) cases where only the foetal membranes were submitted received a presumptive 
diagnosis.   Cases involving only foetal organs received a diagnosis in only 4/14 cases (29%) 
with EHV the only diagnosis.  
Twenty-nine cases fulfilled the criteria for a confirmed or suspect case of EAFL (Chapter 4).  
An additional 5 cases met the criteria for a confirmed case with the exception of having 
pathology involving the cervical pole in addition to amnionitis, funisitis and foetal pneumonia.  
There were 20 cases of possible EAFL where all the criteria were not met (primarily a lack 
of tissue or no culture submitted or results available) but there was a high index of suspicion 
due to the histopathology or culture results. There were 5 ascending placentitis cases where 
the pathologic changes were limited to the cervical pole only.  Six cases of focal mucoid 
placentitis were submitted involving a prominent gross lesion on the allantochorion and 
chronic active placentitis. There were eight abortions due to EHV, six attributed to umbilical 
cord torsion and three attributed to cervical pole infarction cases.  
10.3.3 Microbiology 
Eighty-six cases had a culture submitted from the stomach contents, lungs, and/or placental 
lesions if present with 60 positive cultures and 26 of those positive cultures involving the 
isolation of 2 or more organisms (Table 10.1).  Bacteria isolated from the submitted cases 
are summarized in Table 10.2.  Mixed cultures of greater than 3 organisms were the most 
frequent outcome with 16 cases.   E. coli, Pantoea spp., and Corynebacterium spp were 
isolated most frequently with 8, 7, and 6 cases respectively. Pantoea spp. was isolated from 
the most diverse mix of cases where Corynebacterium spp and E. coli were primarily from 
EAFL related cases (Table 10.2).   
10.3.4 Setal fragments 
Setal fragments were present in 5 cases; 2 confirmed EAFL, 2 confirmed EAFL involving 
the cervical pole, and one umbilical cord torsion.  These cases are presented in detail below.  
Setal fragments were found in the cervical pole region of the allantochorion in four cases 
and the umbilical insertion in one. Locations ranged from the chorionic villus to the 
subchorionic stroma and protruding from the allantoic surface.  Gross lesions of EAFL were 
not present in all cases however some degree of inflammation was present histologically 
within the allantochorion of the cervical pole and umbilical insertion of all cases as well as 
variable foetal pneumonia (Table 10.3). Bacteria were isolated in 4 of 5 cases with no 
significant growth from one case (umbilical cord torsion).   
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Table 10.1 Causes of equine abortions submitted for histopathology from January to 
November 2012. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*  Fulfilled requirements of case definition (Chapter 4) 
†  Categories where setal fragments found.  
a  Tissues sampled include lung, stomach contents, and/or placental lesions 
 
 
 
 
 
 
 
 
 
 
 
 
Diagnosis 
Number of 
cases 
Culture 
Submitteda 
Positive 
bacterial 
culture 
2+ organisms 
isolated 
Total cases 126 86 60 26 
 
No Diagnosis 44 16 13 8 
 
Presumptive diagnosis  82 70 47 18 
 
EAFL 
 Confirmed*† 
 
 
23 
 
23 
 
23 
 
8 
 Involving cervical 
pole† 
 
5 5 5 1 
 Suspect* 
 
6 5 2 1 
 Possible 20 14 10 3 
 
Ascending Placentitis 5 3 2 2 
 
Focal mucoid placentitis 6 6 3 0 
 
EHV-1 8 5 1 1 
 
Umbilical cord Torsion† 6 6 1 1 
 
Cervical pole ischaemia 3 3 2 2 
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Table 10.2.  Bacteria isolated from equine foetal histopathology cases submitted from 
January to November 2012. a 
 
 
a   Data relayed by communication from submitting clinics, isolation not performed by the investigator. 
In some cases the outcome was termed “No significant growth” and this was classed as “No growth” 
for that case.  C-EAFL, Confirmed case of EAFL; CP-EAFL, confirmed case of EAFL with 
involvement of the cervical pole; S-EAFL, suspect case of EAFL; P-EAFL, possible case of EAFL; 
AP, ascending placentitis; FMP, focal mucoid placentitis; EHV-1, Equine Herpesvirus serovar 1; 
UCT, umbilical cord torsion; CPI, cervical pole infarction; ND, no diagnosis; sp., species-singular; 
spp., species-plural; CN, coagulase-negative; GNB, Gram-negative bacillus;  
b  Includes P. agglomerans, formerly Enterobacter agglomerans. (2 cases- 1 C-EAFL and 1 UCT).  
c  If two organisms were identified then both are listed under the diagnosis. Bacteria were not 
generally identified if greater than 3 organisms were present in the culture, however when a dominant 
organism was named then this species was included as an isolate for that diagnosis.   
Organism Total C- 
EAFL 
CP-
EAFL 
S- 
EAFL 
P- 
EAFL 
AP FMP EHV UCT CPI ND 
Actinobacillus sp. 1 - - - - - - - - - 1 
Actinomyces spp. 3 1 - - 1 - 1 - - - - 
α-H Streptococcus spp. 2 2 - - - - - - - - - 
Bacillus sp.  1 - - 1 - - - - - - - 
BH Streptococcus sp. 1 - - - - - - - - - 1 
Burkholdaria cepacia 1 - - - 1 - - - - - - 
Cellulomonas sp. 1 - - - 1 - - - - - - 
Citrobacter sp. 1 1 - - - - - - - - - 
CN Staphylococcus sp. 1 1 - 2 - - - - - - - 
Corynebacterium spp.  6 3 1 - 1 - - - - - 1 
E. coli 8 1 2 - 2 - - - - - 3 
Enterococcus faecalis 3 2 - - - - 1 - - - - 
Enterococcus faecium 1 1 - - - - - - - - - 
Group D Streptococcus spp. 3 - - - - - - - - - 3 
Hafnia sp. 1 - - - - - - - - - 1 
Lactobacillus sp. 1 1 - - - - - - - - - 
Leclercia adecarboxylata 1 - - - - - - - - - 1 
Nonfermentative GNB 2 1 - - - - - - - - 1 
Oerskovia sp. 1 1 - - - - - - - - - 
Pantoea spp. b 7 2 1 - 1 - 1 - 1 - 1 
Pseudomonas aeruginosa 2 1 - - 1 - - - - - - 
Serratia spp. 2 - 1 - - - - - - 1 - 
Stenotrophomonas maltophilia 1 1 - - - - - - - - - 
Streptococcus agalactiae 1 - - - - - - - 1 - - 
Streptococcus mutans 1 - 1 - - - - - - - - 
Greater than 3 organisms 
c
 16 4 - 1 3 2 - 1 - 1 4 
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Table 10.3   Gross and histological findings in association with a setal fragment in the allantochorion of aborted foetuses from clinical 
casesa   
 
 
 
 
 
 
 
 
a    Gest,  gestation; UC, umbilical cord; Amn, amnion; Haem, haemorrhage; CP, cervical pole; UI, Umbilical insertion; Frag, fragment; 
Loc, location; MT, mid-term; LT, late-term; A, acute; SA, subacute; CA, chronic active; n/a, not available; Neg, negative; GNB, Gram-
negative bacillus; E, Escherichia; sp, species-singular; L, lung; SC, stomach contents;  
 
b      (I) more pronounced reticular cells within the cortex or medulla without obvious lymphoid depletion; (II) prominence of reticular cells 
with evidence of lymphoid depletion in the cortex. Increased macrophage presence in the cortex or medulla with or without increased 
phagocytised lymphocyte debris or “moth-eaten” appearance;  (III)  Aspects of I and II in addition to the loss of the corticomedullary 
junction with distinct lymphocyte loss from the cortex and any increase in epithelial cells in any location (Toti, et al, 2000, Chapter 3). 
Case Gest 
Age 
(days) 
UC 
Length 
(cm) 
Oedema 
Amn/UC 
Haem 
Amn 
Inflammation Thymusb Setal  
Frag 
Loc 
Organism Location 
CP UI UC Amn Lungs 
1 206 71 Yes Yes CA CA CA SA CA III CP Actinomyces sp. L, SC 
 
2 MT 50-60 Yes Yes SA A   A  A  A I CP E. Coli SC 
 
3 220 118 Yes No A A Neg Neg A II-III CP Lung: NSG 
SC: No Growth 
L,SC 
 
 
4 MT-LT  35 No No A A A A A I UI GNB-possibly 
Pantoea sp. 
L, SC 
 
 
5 LT n/a Yes Yes A A A A A III CP Pantoea sp., 
Streptococcus 
mutans  
L, SC 
10.3.5       Details of Cases with Setal Fragments 
Case 1 
Case 1 was aborted at 206 days gestation with no impending signs and retention of the 
pregnant horn.   Foetal development was poor for gestational age (Figure 10.01a).  Oedema 
was noted in the amnion, umbilical cord, and allantochorion.  The umbilical cord measured 
71cm in length without obvious twists.  Vascular engorgement and perivascular haemorrhage 
were evident in the amnion within a 30cm radius from the umbilical insertion and pallor of the 
remainder (Figure 10.01b).  A small tear was present in the membranes near the umbilical 
insertion.  The allantochorion was thickened around the umbilical insertion and body with 
multifocal to coalescing haemorrhage around the umbilical insertion on the allantoic surface 
(Figure 10.02a).  There were two 2-3cm full thickness perforations approximately 15cm from 
the umbilical insertion with the chorionic surface visible as the inner edges (Figure 10.02b).  
Histopathology of the allantochorion at the cervical pole showed marked subvillous chorionic 
stromal oedema, fibrovascular proliferation and a diffuse mononuclear cell infiltrate consisting 
of lymphocytes, plasma cells and macrophages.  Neutrophils were present in low numbers 
within the lamina propria of the villi and allantois with acute neutrophil margination and migration 
within the larger allantoic vessels.  Occasional smaller allantoic vessels appeared thrombosed.  
Allantoic epithelium exhibited stage I and II hypertrophy.   
A cross section of a caterpillar setal fragment was evident at the base of one villus, 
approximately 10µm in diameter with a golden refractile colour and small nub of a barbule on 
the outer margin. (Figure 10.03 a,b)  An additional setal fragment was present in the intervillous 
space in the same area as the embedded fragment.  This fragment was obliquely sectioned 
without obvious barbules (Figure 10.04).   
The allantochorion at the umbilical insertion exhibited similar but more pronounced changes 
than at the cervical pole.  There was multifocal early mineralization within the villous tips and 
lamina propria.  The subvillous chorionic stroma was markedly expanded by oedema, vascular 
proliferation and moderate infiltration by lymphocytes, macrophages, and plasma cells.  There 
was acute neutrophil infiltration of perivascular areas and intense acute neutrophil margination 
and migration affecting most vessels.  There was obliteration of the  
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a 
Figure 10.01. a) Foetus and foetal membranes, horse, Case 1.  Thin, erythematous foetus with 
umbilical cord oedema and diffuse brown villi of the allantochorion.  b) Amnion, horse, Case 1.  
Lesions in a 30cm focus from the umbilical insertion including diffuse haemorrhage, vessel 
tortuosity, and oedema, and a small tear (Photos courtesy of Dr. Joan Carrick).   
b 
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a 
b 
Figure 10.02   a) 
Allantoic surface of the 
allantochorion, horse, 
Case 1. Focal to 
coalescing 
haemorrhage radiating 
from the umbilical 
insertion with two full 
thickness holes (box).  
b)   Allantoic surface of 
the allantochorion, 
horse, Case 1.  Higher 
magnification of box in 
Figure 3 showing large 
holes with nodular 
edges and eversion of 
the chorionic surface 
into the allantoic cavity 
due to tissue 
contraction. (Photos 
courtesy of Dr. Joan 
Carrick). 
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a 
b 
 
Figure 10.04. 
Allantochorion at the 
cervical pole, horse, 
Case 1. Obliquely 
sectioned setal 
fragment in the 
intervillous space 
adjacent to a 
degenerate villous. HE 
Figure 10.03. Allantochorion at the cervical 
pole, horse, Case 1. a) Low power view of 
the chorion showing increased subvillous 
chorionic stromal cellularity, vascular 
engorgement and mineralization of the 
villous tips. HE.  b)  Allantochorion at the 
cervical pole, horse, Case 1. High power of a 
cross section of the setal fragment within 
box of Figure b showing golden refractory 
colour and nubs of barbules. HE 
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EEC by oedema with mild fibrin exudation and diffuse infiltration by mononuclear cells and rare 
neutrophils.  The allantois was multifocally expanded by stage I to III allantoic epithelial 
hyperplasia with cystic areas filled by neutrophils and proteinaceous material (Figure 10.05). 
The allantoic stroma was expanded by moderate mononuclear and focally intense neutrophil 
infiltration in some areas (Figures 10.05 b,c).  Gram stain revealed small numbers of 
pleomorphic Gram-positive bacilli with morphology consistent with the Actinomyces sp. isolated 
(Table 10.1).  
 The amnion exhibited mild to moderate perivascular oedema with acute neutrophil margination 
and migration through most vessels.  A mixed inflammatory cell infiltrate consisting of 
neutrophils, lymphocytes, and macrophages was present in the stroma and as focal 
accumulations in surface areas (Figure 10.06a).  One large allantoic vessel exhibited fibrinoid 
necrosis with thrombus formation (Figures 10.06 b,c).  There was diffuse allantoic epithelial 
hypertrophy with subepithelial accumulation of neutrophils and lymphocytes.  There were 
occasional fibrin mats present in the EEC with rare pleomorphic Gram-positive bacilli.  
The umbilical cord exhibited moderate perivascular oedema with vascular engorgement and 
superficial vascular proliferation.  Allantoic and amniotic surface lesions were a continuation of 
the cellular changes within the allantoic epithelium of the allantochorion and the amnion. In one 
area there was a focal area of necrosis with accumulation of necrotic debris and squamous 
epithelial cells with a central focus of pleomorphic gram-positive bacilli.  
The lungs of the foetus exhibited a diffuse chronic active foetal pneumonia with large numbers 
of neutrophils and macrophages within all airways.  There was intense vascular congestion and 
increased mononuclear infiltration of interstitial areas with rare scattered pleomorphic Gram-
positive bacilli.   Within the thymus there was loss of the cortico-medullary junction with thick 
lobar bands of epithelial cells and moderate cortical lymphocyte depletion (Grade III).  
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b 
a 
Figure 10.05.  a) Allantochorion, horse, Case 1. Vascular proliferation (long arrow) in the 
subvillous chorionic stroma of the chorion (Ch) with stage III epithelial hyperplasia of the 
allantois (AL) and formation of cysts (short arrow). HE.  b)  Allantochorion, horse, Case 1. 
Focal area of inflammation on the allantoic surface with intense infiltration of neutrophils. 
HE.  c)  Allantochorion, horse, Case 1. Higher magnification b showing intense cellular 
infiltrate consisting of neutrophils with lesser macrophages and plasma cells. HE.  
AL 
Ch 
c 
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b 
a 
Figure 10.06.  a) Amnion, horse, Case 1.  Vascular engorgement with increased stromal cellular 
density and focal amniotic necrosis (arrow). HE.  b) Amnion, horse, Case 1.  Low magnification 
of vascular changes within a large amniotic artery including stromal infiltration by inflammatory 
cells. HE.  Inset.  Amnion, horse, Case 1.  High magnification of lumen of b showing early 
thrombus formation and fibrinoid necrosis of the tunica intima. HE.  
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Case 2 
Case 2 was a mid-term abortion with a thickened, hyperaemic cervical pole area of the 
allantochorion (Figure 10.07).  The amnion exhibited mild vascular engorgement, vessel 
tortuosity, and multifocal small haemorrhages on the surface.  The umbilical cord was 50-60cm 
in length without obvious abnormalities.  Escherichia coli was cultured from the stomach 
contents in pure growth (Table 10.3).  
 
Histologically multifocal areas of villous necrosis, thrombi, and areas of autolysis suggestive of 
infarction were present in the cervical pole area.  Two small setal fragments were embedded in 
a villous tuft with focal necrosis (Figure 10.08 a,b). Both fragments were sectioned obliquely, 
approximately 8 µm in diameter with focal necrosis (Figure 10.08b).  The subvillous chorionic 
stroma was extensively infiltrated by neutrophils, macrophages and lymphocytes extending into 
the EEC and allantoic stroma (Figure 10.08c). Severe perivascular oedema with neutrophil 
margination and migration was present in the large allantoic vessels.  There were multifocal 
areas of fibrovascular proliferation in the subvillous chorionic stroma and diffusely throughout 
the allantoic stroma (Figure 10.08d).   
Figure 10.07.  
Allantochorion, 
horse, Case 2.  
Chorionic surface 
of the cervical 
star showing 
diffuse brown 
discolouration, 
erythema, and 
slight thickening 
(Photos courtesy 
of Dr. Joan 
Carrick).  
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Bacilli were present through all layers of the allantochorion at the umbilical insertion with severe 
perivascular oedema, fibrin exudation, and low numbers of neutrophils diffusely within the EEC 
and allantois. Low numbers of neutrophils were infiltrating the amnion and umbilical cord in 
addition to fibrin exudation and widespread colonization by bacilli within the EEC of both 
tissues.   
Within the lungs there were scattered neutrophils, many aspirated squamous epithelial cells 
and numerous bacilli within bronchioles and alveoli.  There was a mild increase in cortical 
macrophages within the thymus with vascular engorgement (Grade I).  
c 
Figure 10.08. Allantochorion, horse, Case 2. a) Villus tuft with two setal fragments (box).  
Mineralization of the vasculature of the lamina propria of the villus visible in the lower 
right corner (arrow). HE.  Inset.  Higher magnification of box in Figure a showing two 
obliquely section setal fragments. HE.  b)  Low magnification of cervical pole showing 
moderate villous development, vascular engorgement, and perivascular oedema of the 
allantoic vessels (arrows). HE.  c)  Fibrovascular proliferation within the allantois (arrows), 
cellular infiltrate within the EEC (arrowheads) and perivascular oedema.  HE.  
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Case 3 
The foetus was aborted at 220 days gestation, moderately well developed for its gestational 
age, and undergoing autolysis.  All foetal membranes were moderately autolyzed with brown 
discolouration of the villous surface of the allantochorion from the cervical pole to the pregnant 
horn.  There was more prominent villous development in both horns of the uterus in addition to 
multifocal areas of haemorrhage and erythema on the allantoic surface.  The umbilical cord 
was 118 cm in length with dilated vessels, erythema and moderate oedema without obvious 
twists or blanching.  The amnion exhibited vascular engorgement, tortuous vasculature and 
meconium staining.   
Microscopically, the cervical pole of the allantochorion was moderately autolyzed with 
widespread mineralization of the villous tips and widespread loss of chorionic trophoblasts.  
Mineralization extended to the vasculature of the subvillous chorionic stroma with low numbers 
of neutrophils within the stroma of less autolyzed vessels.  An obliquely sectioned setal 
fragment approximately 10 µm in diameter was present within the subvillous chorionic stroma 
without obvious inflammation (Figure 10.09a,b).  Bacteria were not evident associated with the 
fragment or within the tissues.   
Changes were identical at the umbilical insertion with vascular mineralization, neutrophil 
margination and migration in the larger allantoic vessels, and moderate autolysis.  The amnion 
and umbilical cord exhibited moderate perivascular oedema and vascular engorgement.  There 
were rare pyknotic neutrophils within the airways of the lungs along with scattered aspirated 
squamous epithelial cells.  The thymus was moderately autolyzed with blurring of the 
corticomedullary junction and generalized moderate loss of lymphocytes from both the cortex 
and medulla (Grade II-III).  Bacteria were not evident in any sections.  
 
 
265 
 
 
 
 
 
 
 
a 
b 
Figure 10.09.  a) Allantochorion, horse, Case 3.  Cervical pole region with low poorly 
developed villi and moderate autolysis. HE.  b)  Allantochorion, horse, Case 3.  High 
magnification of box in Figure 19 showing setal fragment. CH denotes surface of the 
chorion. HE.  Inset. Higher magnification of box showing oblique sectioning of the setal 
fragment without obvious inflammation. HE.  
CH 
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Case 4 
 
The foetus was aborted mid to late gestation and undergoing autolysis.    The non-pregnant 
horn of the allantochorion was not present and the body exhibited decreased villous 
development.  The chorionic surface of the pregnant horn appeared grossly thickened.  The 
umbilical cord was 35cm, brown, and without obvious oedema.  The amnion was pale brown 
and in an advanced state of autolysis.   
Microscopically, there was colonization of all tissue layers of the cervical pole by mixed bacteria, 
predominantly bacilli, with infiltration of the villi by low numbers of neutrophils.  Neutrophils were 
also scattered throughout the intervillous areas as well as marginating and migrating through 
the larger allantoic vessels.   Intervillous neutrophils were more pronounced at the umbilical 
insertion, with advanced autolysis and bacterial colonization of all tissue levels.  Despite 
autolysis, acute changes consisting of neutrophil margination and migration within the allantoic 
vessels, fibrin exudation within the EEC and diffuse low numbers of neutrophils within the EEC 
and allantois were discernible.  A setal fragment was present on the allantoic surface, obliquely 
angled, approximately 10 µm surrounded by necrotic epithelial cellular debris and bacilli (Figure 
10.10a,b).  Bacilli, fibrin, and low numbers of neutrophils were present within the EEC of the 
amnion and umbilical cord.  Low numbers of neutrophils were present in alveolar interstitial 
areas with large numbers of mixed bacteria and aspirated squamous epithelial cells within the 
alveoli and bronchioles.  The thymus exhibited a pronounced corticomedullary junction with 
prominent medullary epithelial structures but without obvious cortical lymphocyte depletion 
(Grade I).  
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a 
b 
Figure 10.10.  a) Allantochorion, horse, Case 4.  Low magnification showing well developed 
villi. HE   b) Allantochorion, horse, Case 4.  Higher magnification of box in (a) showing a 
sharply defined oval structure (arrow) in an area of superficial necrosis only present around 
this object. Inset. High magnification shows an obliquely sectioned setal fragment. HE 
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Case 5 
 
This late term aborted foetus presented within the intact amnion with slight meconium staining 
of surface areas and moderate autolysis.  There was congestion of the foetal subcutaneous 
membranes and sanguineous abdominal fluid.  The allantochorion was diffusely erythematous 
with normal villous development and no obvious gross lesions.  The umbilical cord exhibited 
oedema, dilated vessels, and erythema.  Vascular engorgement, tortuous vessels, and 
multifocal areas of haemorrhage were present on the amniotic surface.  
Histologically within the cervical pole there was advanced autolysis of the chorionic surface with 
better preservation of deeper tissues. There was moderate perivascular oedema of the allantoic 
vessels along with diffuse presence of fibrin, neutrophils and macrophages within the EEC. 
There was moderate neutrophil margination and migration within the allantoic vessels with low 
numbers of neutrophils infiltrating the allantoic stroma. A small setal fragment in horizontal 
cross section was present within degenerate subvillous chorionic stroma along with other 
foreign debris (Figures 10.11 a,b).   
Microscopic changes were similar but not as extensive in the allantochorion at the umbilical 
insertion.  Bacilli were present within the EEC of both the amnion and umbilical cord with acute 
inflammation consisting of fibrin and low numbers of neutrophils.  There was widespread 
aspiration of squamous epithelial cells and bacilli within the alveoli of the lungs with scattered 
neutrophils within the larger airways. The thymus exhibited a loss of the corticomedullary 
junction, depletion of cortical lymphocytes, and prominence of the medullary epithelial 
structures (Grade III).  
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a 
b 
Figure 10.11.  Allantochorion, horse, Case 5.   a) Chorion of the cervical pole showing advanced 
autolysis of the chorionic surface and degeneration of the villi. HE.  b) High magnification of the box 
in (a) showing the setal fragment (box) within degenerating tissue and debris.  HE.  Inset.  Higher 
magnification of the box in (b) showing details of the obliquely sectioned setal fragment. HE. 
CHORION 
EEC 
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10.4 Discussion 
 
The cases reviewed highlight the importance of submitting tissues of multiple locations from 
foetal membranes and the foetus for histopathologic examination. Where all the suggested 
tissues were submitted there was a high rate of presumptive diagnosis (95%) as opposed to 
when limited membrane or organs were submitted. The high rate of no diagnosis (44/126 or 
35%) may be due to a number of factors including minimal submission of specimens for 
examination, lack of culture submission or results, lack of history, or no obvious histopathologic 
changes in the submitted tissues.   
The diagnosis of EAFL requires examination of a complete set of tissues from the foetal 
membranes and lungs as outlined in Chapter 5.  Presence of cervical pole inflammation would 
normally exclude abortions as being EAFL cases according to the case definition however, 
setal fragments were frequently found in the cervical pole region in experimentally induced 
EAFL abortions in addition to amnionitis, funisitis, and foetal pneumonia (Chapter 6).  
Therefore, when reviewing these case submissions, a separate category of confirmed EAFL 
with cervical pole involvement (CP-EAFL) was created to differentiate cases which conformed 
to the case definition but with cervical pole involvement from abortions where pathology was 
limited only to the cervical pole region suggestive of ascending placentitis (AP).   
Identification of the bacteria isolated from these cases was with routine culture methods similar 
to those described in Chapter 3.  Genotype identification using 16S rRNA sequencing was not 
done to confirm the identity of the isolates as these were clinical diagnostic specimens.  Many 
of the bacteria isolated from these abortions have not been described as associated with equine 
abortion previously except in clinical and experimental cases of EAFL or MRLS.  Examples 
include Citrobacter sp., Hafnia sp., Lactobacillus sp., Leclercia adecarboxylata, 
Stenotrophomonas maltophilia, Streptococcus mutans, and Group D Streptococcus spp. 
(Streptococcus bovis/equinus group) (Table 10.2).  This was to be expected when 34 of the 56 
cases (61%) with all samples submitted were confirmed or suspect EAFL or CP-EAFL cases.    
Polymicrobial culture results were common.  Only 86/126 cases (68%) submitted specimens 
for culture with 69% of those positive (Table 10.1).   Of those cases with a presumptive 
diagnosis and positive culture, 18/47 (38%) had polymicrobial results.  Isolating more than one 
organism may be multifactorial including more than one organism is involved in the infection as 
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was seen in clinical and experimental cases of EAFL, post-mortem spread of organisms, or 
contamination at the time of collection (Chapters 5, 8).  Organisms isolated from focal mucoid 
placentitis cases (3) were also isolated from C-EAFL and CP-EAFL cases.  
Caterpillar setal fragments in the allantochorion of a clinical case of equine abortion has not 
been previously described.  The existence of setal fragments in both clinical and experimental 
cases of EAFL indicates that the pathway taken by migrating setal fragments experimentally 
also occurs when pregnant mares are exposed naturally when grazing. This indicates that 
caterpillar setae migration is the likely vector which translocates bacteria from the gut to the 
uterus and foetal membranes ultimately causing abortion.   
The site and locations of the setal fragments in these 5 naturally occurring abortions were 
similar to the sites in the allantochorion of experimental cases, where fragments were found in 
locations ranging from the cervical pole, umbilical insertion and body (Chapter 7).   In the 
experimentally aborted foetuses, 8/17 (47%) had setal fragments at or within 10cm of the 
cervical pole (Chapter 7, Table 7.2). In the clinical cases, 4/5 setal fragments (80%) were 
present in the cervical pole.  In addition, setal fragments were also found at all tissues levels of 
the allantochorion including the villi, subchorionic stroma, and allantois in these cases similar 
to the experimental results (Chapter 7).  The limited areas of the allantochorion sampled during 
routine investigations of clinical abortions may be a reason setal fragments are not found in 
more EAFL cases.  
 
Unapparent or focal necrosis was the most common tissue reaction noted with setal fragments 
located in the allantochorion of experimental and clinical abortions.  Inflammation was diffuse 
throughout the membranes but not intimately associated with the fragments.  Bacteria and any 
other antigenic factors carried along with the setal fragments from the gut are the most likely 
stimulus for the diffuse acute inflammation, although tissue disruption due to setal migration 
may play a role as was seen in the mucosa of the GIT of experimentally treated mares (Chapter 
6).  Inflammation may also be initiated by the chitin composition of the caterpillar setae.  In other 
mammals, chitin can stimulate macrophages to produce proinflammatory cytokines but it is 
unclear if equine foetal macrophages respond in a similar manner (Battisti et al., 2011).    
Two cases do not appear to be classic EAFL cases.  Case 2 had grossly visible mild thickening 
around the cervical pole region (Figure 10.07), more advanced inflammatory changes in that 
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region and culture of E. coli as well as acute amnionitis, funisitis and foetal pneumonia.  E coli 
is a commensal of the GIT and is the second most common organism isolated from pre-
breeding uterine swabs (Daly et al., 2001; Ricketts, 2011).  Ascending placentitis cases 
associated with E. coli have dramatic gross lesions and advanced inflammation in the cervical 
star region (Hong et al., 1993a; Chapter 2).  The combination of cervical pole inflammation and 
isolation of E. coli in Case 2 is suggestive of an ascending infection except for the acute gross 
lesions, presence of the setal fragment and acute inflammation within the amnion, umbilical 
cord, and foetal lungs.  A small percentage of experimental ascending placentitis cases also 
have acute inflammation in the amnion and umbilical cord however, all EAFL cases have a 
degree of inflammation in these areas and experimentally setal fragments were often present 
in the cervical pole region (Calderwood Mays et al., 2005; Chapter 7).  In addition, E. coli was 
isolated from confirmed clinical cases of EAFL as well as experimentally induced cases 
(Chapters 5, 8).   Therefore, the migration of setal fragment(s) from the GIT into the cervical 
pole region may have allowed E. coli, as an opportunistic pathogen, access to the foetal 
membranes instigating the inflammatory reaction (Daly et al, 2001).    Unfortunately the 
breeding history for this mare was not available, and the histological lesions in the cervical pole 
were not specific enough to determine the initiating cause of the bacterial invasion therefore it 
was classed as an EAFL case with cervical pole involvement.  
Case 3 had diffuse mineralization of vascular structures within the allantochorion suggestive of 
placental hypoxia (Williams, 2002). This foetus had an umbilical cord length of 118cm which is 
outside the normal range of 36-83cm (Whitwell and Jeffcott, 1975).  The long cord and any 
tactile or chemical stimulus, including acute inflammation, may have caused excessive 
movement of the foetus leading to some degree of vascular occlusion or poor circulation 
although twists or blanching in the cord was not noted (Whitwell and Jeffcott, 1975).  Caterpillar 
setal fragment migration and the presence of acute inflammation in the allantochorion and lungs 
may be an indication of subtle EAFL where bacteria had not yet reached the amnion, foetal 
lungs or stomach contents.  Alternatively, any exposure hypersensitivity as seen in 
experimental mares (Chapter 5), with subsequent setal migration and acute inflammation may 
have initiated expulsion of an already compromised placenta and foetus (Bytautiene et al., 
2004).  
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The presence of perforations in the allantochorion of Case 1 is an unusual outcome of focal 
chronic active inflammation on the chorionic surface which has not been previously described.   
Focal necrosis and perforation of the amnion and adjacent allantochorion has been cited as a 
sequela to pressure necrosis of foetal parts (legs, hooves) in the horns by Whitwell (2007). 
However, the amnion of this case had a small tear which was likely a post-mortem occurrence.  
External trauma to the uterus of the mare may have damaged the allantochorion but this was 
not reported in the history.  The histopathologic changes on the edges and periphery of the 
holes are identical to the changes attributed to chronic active inflammation associated with focal 
mucoid placentitis and chronic inflammation (Whitwell, 1988; Hong et al., 1993b, c).  These 
include infarction, villous blunting, increased vascularity and fibroplasia, as well as allantoic 
adenomatous epithelial hyperplasia (Swerczek, 2006).   Chronic infection and progressive slow 
necrosis of the central aspect of these focal lesions may have allowed wound healing to occur 
at the periphery of the necrosis.   Changes associated with an equine foetal response to 
inflammation and normal wound healing processes including wound contracture may have led 
to the ultimate creation of full thickness perforations within the allantochorion.   
The presence of chronic changes indicative of focal chronic active placentitis, isolation of an 
Actinomycete organism, and presence of a caterpillar setal fragment further supports the 
experimental findings that focal mucoid placentitis can be an additional clinical manifestation of 
EAFL.  Focal mucoid placentitis was induced during experiments exposing pre-gestational 
mares and early gestational mares to caterpillar exoskeleton via gastric gavage (Cawdell-Smith 
et al., 2013; Chapter 9).   The communication in case 2 between the affected chorionic surface 
and the allantoic cavity may have allowed more efficient bacterial spread into the umbilical cord 
and foetus as noted by culture of the organism from both the lung and stomach contents.  
Unfortunately, the Actinomycete organism could not be fully identified but was morphologically 
similar to other organisms in the order Actinomycetales identified in conjunction with focal 
mucoid placentitis cases in Australia (Chopin et al., 2010).     
The thymic depletion evident in all cases, similar to the experimental aborted foetuses (Chapter 
8), likely reflects the degree of foetal stress and presence of inflammation in the foetal tissues 
as suggested by Whitwell (1988).  Signs of thymic atrophy were most prominent in case 1 with 
chronic active placentitis.  The thymus of this foetus had blurring of the corticomedullary junction 
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and formation of epithelioid bands suggestive of Grade III atrophy as noted in horses aged 
18mos to 4 years (Contreiras, 2004).   
10.5  Conclusion 
 
These are the first confirmed clinical cases of EAFL where a setae fragment has been found in 
the foetal membranes.  This range of cases highlights several points regarding setal fragment 
migration.  First, finding setal fragments in the cervical pole supports experimental evidence 
that gross and histological lesions in the cervical pole region does not rule out EAFL as a cause 
of placentitis and abortion.  Second, the presence of setal fragments in a case of focal chronic 
active mucoid placentitis with the isolation of an Actinomycete organism is further supportive of 
the experimental findings of an association between caterpillar exposure in early gestation and 
the development of focal mucoid placentitis.   
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11.1 Introduction 
 
The evolution of the studies in this thesis from the routine investigation of unusual abortions in 
horses to experimentation to test an association between caterpillars and equine foetal loss 
has been a long process. It is clear from the present studies that caterpillar setae are pivotal to 
the development of EAFL and the wide range of clinical outcomes are dependent upon the 
stage of gestation at which pregnant mares are exposed. These experiments have also 
revealed a signification portion of the unique pathogenesis of EAFL as well as highlighting the 
importance of a detailed pathological examination during investigation of a new disease or a 
variant clinical presentation.   
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11.2 General considerations  
 
Difficulties which occurred during the investigation of the clinical EAFL abortions are not unique 
to any investigation of an unknown disease entity.  This included difficulty in gaining initial 
assistance from scientific and industry personnel, lack of funding, and resistance to the 
recognition of a “new” syndrome which would stigmatize the Hunter Valley as the source of 
reproductive loss in mares. Following these initial issues, the general disbelief of the risk factors 
for abortion identified after epidemiological investigation as plausible explanations was and still 
is difficult to overcome.  
Experimental difficulties encompassed the use of large and expensive research animals and 
the time to meticulously examine the tissues which were collected from both mares and 
foetuses.  Performing a post-mortem on a large animal with systematic collection of tissues was 
a laborious and time-consuming ordeal requiring large numbers of personnel.  Processing of 
those tissues and examining all prepared slides of multiple levels with various stains at 400x 
was a long process when looking for an unknown entity.  
Processing a Processionary caterpillar for histologic examination proved extremely complex as 
the setae “disappeared” during processing.  When not attached or embedded in tissue the setae 
would lift off the histologic section, fracture apart, or become very difficult to visualize in a single 
tissue plane.  Processing a cell block of detached caterpillar setae was even more ineffective. 
It is unknown if setal fragments would also lift when sectioning formalin-fixed specimens from 
these experiments but it likely could occur unless the fragments were embedded firmly within 
the tissue (Chapter 6).  
Unexpectedly, the use of TB stain provided a faster way of detecting caterpillar setae in tissue 
sections and screening tissues for the presence of bacterial organisms.  However, this method 
is best used with a minimum of 3 serial sections of tissue cut at the same time and staining one 
with HE, one with TB, and one with GS.  The setal fragments are minute and many were 
frequently not evident after recutting a tissue block for additional stains after finding setae in 
HE sections. Inflammation is also difficult to assess when using TB as a “screening” stain, 
although free melanin granules and squamous epithelial cells are highlighted in the amnion and 
umbilical cord with this stain as well.  
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Using traditional culture techniques as outlined in Chapter 3 can also be time consuming and 
requiring meticulous aseptic technique.  Screening equine faeces for caterpillar related bacteria 
proved overwhelming with the resources available as described in Chapter 8.  While phenotypic 
identification of bacteria is a necessity when describing novel species, for identification 
purposes the use of more advanced and less time consuming techniques like the MALDI-TOF 
would be ideal.  Unfortunately, the database for this technology struggles with the identification 
of environmental coryneforms and non-fermentative Gram-negative bacilli as isolated in the 
clinical and experimental cases of EAFL (A.P. Begg, pers. comm).   
11.3 Setae and EAFL pathogenesis 
 
The Processionary caterpillar is ubiquitous in the Australian landscape and with each 
successive cycle the aged nests with all the exoskeleton material from the eight moults of 
thousands of caterpillars disintegrate and spread under trees and over paddocks (M.P. Zalucki, 
pers. comm.).   Drought conditions can exacerbate the build-up of exoskeleton and nest 
material on the ground (M.P. Zalucki, pers. comm.).  Horses ingest the exoskeleton during 
normal grazing with adverse consequences in pregnant mares (Cawdell-Smith et al., 2012).   
After ingestion, Processionary caterpillar setae are able to penetrate and migrate through the 
GIT to places far removed from their initial entry point (Chapter 6).  Setal fragments were found 
in the serosa of most areas of the GIT, in lymph nodes, the liver, mesenteric fat, throughout the 
uterus and within the allantochorion of the foetus.  Fragments were found embedded in the 
arteries, veins, lymphatics and nerve bundles in the GIT.  The numbers of setal fragments 
migrating appears to be dose dependent and the outcome appears to be dependent on the 
stage of gestation at which a pregnant mare ingests the caterpillar material.  
The range of clinical outcomes in the experimental studies (Chapter 7) which affected the foetus 
included early and mid-term abortion; focal mucoid placentitis; diffuse chronic active placentitis, 
amnionitis, and funisitis; premature birth; and perinatal compromise of the foal.   Foetuses were 
aborted when mares were given either whole caterpillar or caterpillar exoskeleton.  From these 
aborted foetuses a range of enteric and environmental bacteria were isolated accompanied by 
histologic lesions encompassing allantoitis, funisitis, amnionitis, and foetal pneumonia mirroring 
findings in clinical cases of EAFL.  
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The experimental results as well as the detailed examination of clinical cases of EAFL have 
demonstrated the process by which a naturally ingested substance can migrate from the 
intestinal tract into the uterus of mares allowing bacterial translocation and ultimately causing 
pathology in the developing equine foetus.  Processionary caterpillars cause EAFL in the 
pregnant mare as well as a range of other clinical presentations in the mare and developing 
foal.  Oral gavage of mares with Processionary caterpillars caused oesophageal and gastric 
ulceration, acute to severe gastroenteritis with signs of colic, focal hyperplastic serositis (focal 
peritonitis), diffuse acute granulomatous typhlocolitis, mesenteric lymphadenitis and diffuse 
endometritis in the mare.  Focal mucoid placentitis, early and mid-gestational abortion with 
acute to chronic active allantoitis, funisitis, amnionitis, and foetal pneumonia; premature birth, 
stillbirth and terminal perinatal septicaemia of full term foals was induced in the conceptus of 
experimental mares. 
The unusual feature of the pathogenesis of EAFL is how bacteria normally non-pathogenic to 
the horse are able to infect the foetus and cause abortion. This may be due to the inability of 
the foetus to mount an effective immune response. Research in preterm human neonates has 
found a number of factors which are underdeveloped which result in a diminished inflammatory 
response and increases susceptibility to infection (Kemp and Campbell, 1996).  These factors 
include decreased numbers of cell surface receptors, failure of upregulation of receptors in 
response to inflammatory stimuli, lack of memory T cells and decreased production of factors 
which amplify the inflammatory response such as cytokines, complement and fibronectin (Kemp 
and Campbell, 1996). However, research investigating the response of foetal sheep to intra-
amniotic injections of LPS (E. coli endotoxin) found neutrophils within the lung tissue after only 
a few hours post-injection as well as increased levels of IL-8 and the appearance of intra-
alveolar macrophages after 4 days suggesting the foetus can respond to some degree at least 
to a single insult (Kramer and Jobe, 2005; Gantert et al., 2010).  It is unknown if the immune 
system of the equine foetus may respond in a similar manner, however variable acute to chronic 
inflammation is often detected in the membranes of aborted foetuses and this response may 
depend on the type of bacteria invading the tissues.   
Questions are still unanswered by these studies involving O. lunifer.  What role does any toxin 
in the caterpillar setae play in this pathogenesis?  The histamine releasing proteins of other 
processionary caterpillars have been studied in humans and laboratory animals but not in 
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horses and not from O. lunifer.  In addition, what role does the composition or the structure of 
the caterpillar setae play in assisting bacterial translocation from the GIT to the surface of the 
chorion causing placentitis or into the allantochorion ultimately causing abortion? These 
questions are addressed in Section 11.6. 
11.4 Case definition of EAFL revisited 
 
The case definition for EAFL was developed following a collaborative effort of specialists in 
veterinary epidemiology, theriogenology, pathology, immunology and equine medicine in 
addition to equine reproductive veterinarians, microbiologists, and the primary field investigator 
(Todhunter et al., 2009; Chapter 4).  The case definition is a specific set of guidelines which 
stipulate that inflammation in this syndrome may involve the allantois, umbilical cord, and 
amnion with some degree of foetal pneumonia.  The chorion is not generally involved unless 
the inflammation was of a chronic nature and a result of chronic active inflammation in the 
allantois.  Lesions typical of ascending placentitis of the cervical pole excludes EAFL as a cause 
of abortion.   
However, in both the experimental (Chapter 8) and clinical (Chapter 10) cases, setal fragments 
were frequently found migrating through the area of the cervical pole or within a 10cm radius of 
the cervical pole.   In addition, early gestational exposure (Chapter 9) of pregnant mares to 
caterpillar exoskeleton resulted in lesions of focal mucoid placentitis and a clinical case of 
advanced focal mucoid placentitis with perforations in the placenta had two setal fragments 
embedded in the cervical pole area (Chapter 10).  The case definition may need to be 
broadened due to these findings. 
In light of these results it is proposed that the case definition be modified to read as follows:   
The criteria for a confirmed case would be:   
• a complete necropsy including gross and histological examination of the foetus, 
allantochorion and amnion as well as microbiological and virological testing,  and 
• absence of any evidence of other known causes of equine abortion on gross pathology, 
histopathology or other testing, and 
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• typical gross and histopathological change of acute to chronic active inflammation in the 
amnion, umbilical cord and allantois, and or/ diffuse acute to focal chronic active mucoid 
chorionitis, and 
• absence of gross and histological evidence of significant chorionitis limited to the 
cervical pole and  
• isolation of environmental or enteric bacteria in pure or heavy growth from culture of 
foetal stomach contents and lung and/or 
• caterpillar setal fragment embedded in the allantochorion upon histological examination.   
 
Criteria for a suspect case would be: 
• absence of any evidence of other causes of equine abortion on gross pathology, 
histopathology, bacterial culture or virus detection; AND EITHER,    
• growth of environmental or enteric  bacteria  in pure or heavy growth from foetal stomach 
contents or lung in cases where placenta was not examined;  OR  
• typical gross changes in amnion and the umbilical cord, absence of pathology limited to 
the chorion at the cervical pole, variable gross changes in the foetus and no samples 
taken for histology or culture or no positive culture results obtained; OR  
• typical histologic changes in the amnion, umbilical cord, foetal lung, allantois and no 
positive culture results or culture samples not taken. 
 
Cases not meeting either confirmed or suspect criteria should be classified as non-EAFL cases. 
11.5 Pathogenesis and other observations  
 
In addition to discovering the range of clinical presentation caused by ingestion of 
Processionary caterpillars, other questions of caterpillar effects on equine reproduction have 
also been answered.  Mares which had previously been exposed to caterpillar exoskeleton and 
aborted or had perinatal complications were able to be rebred the following season (Cawdell-
Smith, 2013).   This was similar to MRLS in which mares which aborted after 150 days gestation 
were able to be rebred successfully due to the disappearance of the endometrial cups 
(Sebastian et al., 2008).  Histologically, mares which aborted due to EAFL with the exception 
of one mare with retained foetal membranes were able to clear any inflammation caused by 
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setae migration and abortion during normal uterine involution (Chapter 6).  Both findings 
indicate that the long term effects on a mare’s reproduction are not generally affected by 
caterpillar related abortion.   
11.5.1 Focal mucoid placentitis  
Experiments exposing pregnant mares to Processionary caterpillars during the pre-placentation 
and early placentation stage have further supported a link between caterpillar exposure and 
focal mucoid placentitis. This association with experimental induction as well as reported focal 
mucoid placentitis in confirmed EAFL clinical cases suggests that it may be a chronic form of 
EAFL.  The association appears strong, but the length of time between caterpillar exposure and 
detection of the lesion, sometimes many months, provides an opportunity for other factors to 
mediate the outcome of exposure.   
11.5.2 Non-reproductive equine disease. 
The range of reactions to caterpillar setae migration noted during these experiments included 
non-reactive to well-developed granulomas in the submucosa of the GIT, gastric and intestinal 
mucosal erosion and ulceration, focal hyperplastic serositis, and endometritis in the exposed 
mares. Nerve tissue and vasculature in the submucosa were noted to be disrupted by migrating 
setal shafts/fragments in some mares which could lead to colic, microthrombus formation or 
focal ischaemia.  In addition, 2 mares had to be euthanized due to colic and complications 
arising from retained foetal membranes.  These findings indicate that other diseases of horses 
could have an underlying aetiology of caterpillar exoskeleton ingestion.  The involvement of 
unusual bacterial organisms as found in the abortion cases may be the key to the involvement 
of caterpillar setae in the other diseases processes. 
Actinobacillus peritonitis Infections in horses with Actinobacillus spp. are unusual but 
have recently been associated with MRLS and EAFL.  Actinobacillus spp. can also cause 
infections in foals as well as adult horses in the form of respiratory disease, pericarditis, 
periorchitis, and enteritis (Matthews et al., 2001).  Actinobacillus peritonitis is an uncommon 
occurrence in horses and has been reported primarily in Australia (Matthews et al., 2001).  
Speculation on the pathogenesis of Actinobacillus infections in foals includes transplacental 
migration of Strongylus vulgaris parasites harbouring the bacteria during gestation or post-natal 
infection via the umbilicus (Rycroft and Garside, 2000).  A similar pathogenesis is speculated 
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to occur in yearling and adult horses via parasite migration after isolation of Actinobacillus 
equuli from a verminous aneurysm in the cranial mesenteric artery (Matthews et al., 2001).  
However, the widespread setal fragment migration shown in the current studies suggests 
another possible route for Actinobacillus spp. translocation from the gut into various locations 
including the bloodstream, peritoneal cavity, lungs, or foetal membranes.  The ingestion of 
caterpillar exoskeleton by normal grazing of pasture or within supplemented hay should be 
considered as a possible underlying cause of Actinobacillus spp. infections in horses and 
equine neonates.   
Chronic inflammatory bowel disease  In humans, a chitinase-like lectin, CHI3L1, which 
functionally binds chitin has been found to be involved in the pathogenesis of the acute and 
chronic inflammation of intestinal bowel disease (Dishaw et al., 2011).    This chitinase is 
produced by a number of tissues in humans including macrophages, neutrophils, and colonic 
epithelial cells and does not have catalytic activity (Kawada et al., 2008).   Human colonic 
epithelial cells have been found to express CHI3L1 only under inflammatory conditions and has 
been found to enhance the binding of pathogenic organisms expressing chitin binding proteins 
(like Serratia marcescens) via interaction with this protein (Kawada et al., 2008).  Research into 
the presence of this chitinase-like lectin has not been done in horses but investigations into any 
interaction between setal fragment induced enterocolitis and the development of inflammatory 
bowel disease in horses might be beneficial.   
Multisystemic Eosinophilic Epitheliotropic Disease (MEED)  MEED is an inflammatory 
condition of horses which is characterized by eosinophilic infiltration of the intestine, organs 
(liver, pancreas), and skin (Schumacher et al., 2000).  Considerations on the underlying 
aetiology include a possible toxin, dietary intolerance, inhaled antigen, parasitic antigens, 
seasonality, or related to a type I immediate hypersensitivity reactions (Schumacher et al., 
2000).   In these experiments, the gavage of mares with PC evoked a hypersensitivity reaction 
in some cases which mimicked the field observations of the owner of one property from the 
original investigation of EAFL cases (Cawdell-Smith, 2013; Chapters 1, 6).  It is unknown if an 
initial hypersensitivity reaction to caterpillar/insect ingestion as seen in some experimental 
mares or the migration of caterpillar setae may stimulate eosinophilic mucosal inflammation 
however,  large chitin particles greater than 40 µm were found to be a potent inducer of 
eosinophil migration after intraperitoneal injection in mice (Kogiso et al., 2011).  It is unknown 
 
 
283 
if the chitin which composes PC setae would cause a similar reaction in the organs, mucosa or 
submucosa of the GIT of horses after migrating, however, caterpillars in other areas of the world 
may have other toxins or setae which could provoke such a response and the ability of insect 
chitin/setae to cause a diffuse enterocolitis should not be overlooked.  Eosinophils were present 
within the bowel of experimentally treated mares but numbers appeared consistent with the 
literature and the incidence of inflammatory bowel disease of any description is not known for 
horses in Australia which would be continually exposed to caterpillar exoskeleton (Collobert-
Laugier et al., 2002).   
Tissue Repair Other mammalian chitinases and chitinase-like proteins which do have 
catalytic activity include chitotriosidase and acid mammalian chitinase (Kawada et al., 2008).  
Small chitin particles between 1-10 µm similar in cross sectional size to setal fragments have 
been shown to activate macrophages via phagocytosis causing production of IL-12, IL-18, and 
TNF-α (Kogiso et al., 2011) Macrophages of mice and humans have been found to produce 
chitotriosidase in the presence of chitin breaking it down into smaller fragments which further 
stimulate macrophage activation and an inflammatory response (Gorzelanny et al., 2010).  This 
non-specific inflammatory response may enhance tissue repair via macrophage, neutrophil, 
and fibroblast stimulation as seen when chitin containing products are used in wound 
management (Muzzarelli, 1993).  This may indicate the ingestion of chitinous exoskeleton and 
setae may have a beneficial effect once the hypersensitivity reaction and mechanical damage 
of migration are overcome or a more negative effect as the chitin in fungi cell walls and spores 
within the respiratory tract act as a potent inducer of asthma in humans (Goldman and Vicencio, 
2012).  
11.5.3 Abortion in other species. 
Caterpillar related abortion has now been demonstrated in camels (Volpato et al. 2013) 
Different placentation and different GIT anatomy may be either protective or predictive for 
caterpillar related abortion.  It is likely that caterpillar setae migrate in all species but the range 
of detectible pathology may be nil to extensive depending on dose, migration speed, grazing 
habits, and enteric flora.  Investigation of abortions in other species should expand the view not 
only to rule out causes of infectious abortion but to modify the view that polymicrobial infections 
or the isolation of environmental bacteria in the foetal tissues is always due to contamination.  
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The ability of caterpillars to cause abortion in both grazing (horses) and browsing (camels) 
herbivores suggests that other herbivores could also be experiencing reproductive loss through 
similar mechanisms. There have been no reports of similar abortions in cattle, sheep or goats. 
These ruminants have a derivative of the epitheliochorial placenta, a synepitheliochorial 
placenta, where there is fusion of binucleate trophoblast cells with the uterine epithelium 
(Telugua and Green, 2008). Horses and camels have a diffuse epitheliochorial placenta in 
which the entire surface of the chorion interdigitates with the endometrium. In contrast, cattle, 
sheep and goats have cotyledonary placentae in which the total area of contact between the 
endometrium and the chorion is significantly less than that of the horse and camel. It is possible 
that the diffuse structure of the placenta in the horse and camel provides a much greater area 
for setae to penetrate the placenta than does that of ruminants where the chorionic villi are 
concentrated in cotyledons. However, if setae migration in ruminants occurs through the uterus 
into an area other than a placentome, perhaps placentitis or endometritis may be the ultimate 
outcome in these species.  
Digestive tract differences in may also explain the apparent susceptibility of horses and camels 
to caterpillar induced abortion as opposed to other herbivores. Rumination of digesta by cattle 
and sheep may provide some protection when caterpillars are ingested however; camels 
(although not true ruminants) also rely on foregut fermentation of ingested feed for nutrient 
provision. Also, the caterpillar ingested by camels in North Africa are a different species than 
the PC and ingestion of the whole caterpillar is a significant factor in ultimately causing abortion 
(Volpato et al., 2013).  However, experimental evidence of the presence of setae in granulomas 
associated with the small intestine of goats following the administration of ETC suggests that 
the rumen may not provide significant protection if conditions are right (Sebastian et al. 2008). 
New techniques now exist to more definitively identify bacterial organisms in amniotic and 
allantoic fluids as well as aspirated stomach contents (Chapter 2). Previously undetectable 
fastidious organisms in acute abortion in other species including ruminants may be detected 
using new technology.  Mass spectrometry technology may be beneficial in identifying bacteria 
involved in acute early gestation abortions where the histological changes are minimal but 
fastidious bacteria are present in the amniotic fluid. 16S rRNA has already proven to be superior 
in definitively identifying novel Streptococci as well as the more obscure environmental 
coryneforms involved in these cases and this in addition to mass spectrometry analysis may 
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advance our knowledge of the bacteria involved in caterpillar related abortions in many 
herbivorous animals.  
11.6 Setae, toxins, bacteria and mechanism of action 
 
In MRLS, the mechanism of action by which ETC cause abortion has been a subject of much 
discussion. Tobin et al. (2004) proposed that caterpillar setae penetrate the gut wall through 
mechanical action and carry bacteria that are present in the mare’s gut into the bloodstream.  
These bacteria were then thought to spread haematogenously to the uterus, cross the placenta 
and infect foetal tissues (Tobin et al., 2004). It has also been suggested that the ETC may carry 
toxin(s) that may have an effect on gut and placental permeability, resulting in transfer of 
bacteria from gut lumen to circulation and from circulation to uterine contents, with or without 
the mechanical assistance of the setae (Sebastian et al., 2008). 
The studies in this thesis have shown histologically the ability of PC setae to penetrate the 
maternal gut wall and migrate directly into the uterus and placental tissues (Chapters 6 and 7). 
This is considered to be the most likely means of translocation of bacteria to the foetal 
membranes. The direct, rapid migration of setae in 48 hours (or possibly sooner) after ingestion 
from the gut to the placenta facilitates bacterial infection. Bacteria present in the mare’s gut as 
commensals or associated with the ingested plant material likely attach to migrating setal 
fragments and translocate through the gut wall, the uterus and into the allantochorion which 
they subsequently colonize. Incomplete migration of setal fragments may account for the focal 
mucoid placentitis induced when mares were exposed in early gestation (Cawdell-Smith et al., 
2013). Bacterial colonization of the foetal membranes and/or foetus may cause foetal 
compromise or death and eventual abortion either directly (sepsis) or through the inflammatory 
response (Foote et al. 2012). The possible mechanisms by which setae may facilitate bacterial 
translocation (presence of a toxin, chemical composition or structure) are discussed below.  
Although somewhat speculative, the experimental findings in this thesis indicate these 
possibilities should be examined.  
11.6.1 Role of a toxin 
Processionary caterpillars in a related genus to O. lunifer, Thaumetopoea spp., have had 
extensive investigation on the toxin within their setae due the numerous documented cases of 
urticarial and hypersensitivity reactions in humans after suspected or known caterpillar 
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exposure (Lamy et al., 1983).  Human exposure to processionary caterpillars can vary from an 
immediate hypersensitivity reaction to minimal or no reaction (Vega and Moneo, 2011).  An IgE 
antibody in some allergic patients recognized a 15-kDa protein (Thap1) from T. pityocampa 
(Pine processionary caterpillar) indicating an IgE mediated allergic response (Vega and Moneo, 
2011; Rodriguez-Mahillo et al., 2012).  Previous studies support this with findings that the larger 
protein from T. pityocampa, Thaumetopoein, has been demonstrated to cause dose dependent 
mast cell degranulation in the skin of guinea pigs and systemic histamine release (Lamy et al., 
1983; Lamy et al., 1986; Werno et al., 1993).   
Mast cells, eosinophils, and basophils are associated with Type 1 hypersensitivity reactions 
(Snyder, 2007).  Systemic histamine release during immediate hypersensitivity reactions has 
been found to have an effect on some pregnant mammals due to the presence of mast cells in 
the uterus (Welle et al., 1997; Bytautiene et al., 2002, 2004).  Mast cell mediators such as 
histamine, serotonin, prostaglandin F2α and thromboxane A2 were shown to induce 
contractions of human, feline, mouse, and rat myometrium and the cervix of guinea pigs (Dale 
and Laidlaw, 1910; Bytautiene et al., 2004; Brew and Sullivan, 2006).   In the case of the cats, 
the contractions led to placental separation and foetal death (Dale and Laidlaw, 1910).  
Experimentally induced anaphylaxis and increased histamine levels were shown to cause 
inflammation, oedema and congestion in the large colon and cecum of the horse (Eyre and 
Lewis, 1973).   During these experiments involving PC, gavaging with whole caterpillars elicited 
an immediate hypersensitivity reaction in some mares (Cawdell-Smith, 2013; Chapter 7).  It is 
unknown if any resulting systemic, cervical, and uterine mast cell degranulation may have had 
an effect on the uterus and cervical function in these mares (Bytautiene et al., 2002).  Further 
research on the effect of hypersensitivity reactions in pregnant mares may answer the question 
of any role that PC toxin may play via initiating or aiding the pathogenesis of ascending 
placentitis via cervical relaxation, placental separation leading to foetal hypoxia, or ischaemic 
necrosis of the cervical pole.  The ability of histamine to diffuse across the placental barrier in 
horses and possibly stimulate foetal mast cell release of vasoactive substances or the 
production of prostaglandin F2α may need investigation.  Especially if premature placental 
separation, pre-term birth, or abortion may be a possible outcome of this histamine release.  
The role of mast cells in this disease process and the effects of their presence in the equine 
allantochorion should be further investigated. The rather simplistic methods employed in 
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chapters 7 and 8 to investigate the presence of mast cells overlooked the possible differences 
that uterine and placental mast cells may have in staining, granule composition, and specific 
locations.  Immunohistochemistry would have been more useful to truly determine the presence 
of uterine and placental mast cells in normal tissues and any degree of degranulation after 
caterpillar exposure.  
11.6.2 Role of chitin 
Chitin and it’s basic monosaccharide, N-acetylglucosamine (GlcNAc) may play a key role in the 
delivery of bacterial organisms to the placental membranes in these experiments.    The 
discovery of setal fragment migration into the foetal membranes led to questions regarding any 
link between the isolated bacteria and setae which included how bacteria would survive the 
migration process to later colonize the tissues.  What is the factor that allows such a wide variety 
of bacteria to become involved in colonizing the foetal membranes? The chitinous skeleton of 
the setal fragments or their hollow needle formation may be the key to answering those 
questions as well as the mystery of focal mucoid placentitis.   
11.6.3 Chitin 
Chitin is the second most abundant substance in the world and is a component of fungal cell 
walls, crustaceans and insect exoskeletons (Chen et al., 2010).  N-acetylglucosamine in β-
(1,4)-linkages is the basic structural component of chitin and is also a building block of murein, 
the basic component of bacterial cell walls and hyaluronate (HA), the major component of the 
extracellular matrix in mammals (Kramer and Koga, 1986).  N-acetylglucosamine is also 
present in connective, epithelial, and neural tissues as well as a component of chondroitin, 
present in blood vessels, bone, and cartilage of mammals (Chen et al., 2010).  In addition, 
GlcNAc can be directly involved in cell interactions and pathogen binding as a component of 
cell surface oligosaccharides and glycoproteins on the surface of epithelium in mucus 
membranes of the digestive tract (Chen et al., 2010).  The breakdown of chitin into GlcNAc can 
also be used as nutrient source by bacteria and plants (Wang et al., 2010).  Addition of GlcNAc 
to soil created after chitin degradation by chitinase-producing bacteria enhances vegetable 
growth by greater than 100% (Wang et al., 2010).  This monosaccharide is highly sought after 
not only by bacteria and plants as a carbon source but by industry for use in the manufacture 
of biofertilizers, therapeutic and cosmetic products (Park and Kim, 2010). 
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Insoluble chitin is reduced to monomeric GlcNAc by chitinase enzymes which breakdown the 
chitin into small oligosaccharides followed by continued cleavage by N-acetylglucosaminidases 
(NAGase) or lysozymes into the more readily used monosaccharide (Thranathan and Kittur, 
2003).  Chitinases are produced by bacterial organisms to randomly breakdown chitin as a 
nutrient source or by plants as a defence mechanism against chitin containing pathogens like 
fungi (Bhattacharya et al., 2007).  Chitinases can be divided into two families, Family 18 and 
Family 19 chitinases, which differ in their protein structure and mechanisms of catalytic 
reactions (Kawase et al., 2004).   Family 18 chitinases are found in many bacteria, fungi, 
viruses, animals, and plants whereas Family 19 chitinases are found primarily in plants and 
certain Actinobacteria including Streptomyces, Amycolatopsis,  and Cellulomonas; bacteria 
which have been isolated in conjunction with focal mucoid placentitis, MRLS, and EAFL (Clarke 
et al., 1956; Cohen-Kupiec and Chet, 1998; Kawase et al., 2004) .  Family 19 chitinases are 
thought to have been acquired by soil Actinobacteria via horizontal gene transfer from plants 
which utilize them for defence against fungi (Kawase et al., 2004).  Family 18 chitinases are 
found in many bacteria and are classed further depending on where they cleave chitin to form 
smaller oligosaccharides (Frederiksen et al., 2013). 
Chitinolytic bacteria present in soil, like Stenotrophomonas maltophilia, Pseudomonas spp., 
Clostridium spp., Lactobacillus spp., Aeromonas hydrophila, and Streptomyces spp. play a 
large role in the environmental degradation of chitin and readily produce chitinases in the 
presence of chitinous substances (Kamil et al., 2007; Sato et al., 2010a).  Environmental 
organisms isolated from these experiments and clinical cases of EAFL which are known 
chitinase producers include Cellulosimicrobium cellulans, Stenotrophomonas maltophilia, 
Arthrobacter spp, Cellulomonas spp, and Microbacterium spp (Table A.1, Appendix IV) 
(Okazaki et al., 1999; Reguera and Leschine, 2003; Yong et al., 2005; Fleuri et al., 2009; Sato 
et al., 2010b).   Chitinases are also produced by dual environment and enteric organisms to 
interact with host cell surface glycans, target the cell wall of other bacteria in competition for 
nutrients, or their own cell wall during growth (Tran et al., 2011).  Dual environment and enteric 
bacteria isolated from these experiments which have been found to produce chitinases include 
coagulase negative Staphylococci, Enterobacter spp., Klebsiella spp., Enterococcus spp., and 
Lactobacillus spp. (Table A.1, Appendix IV).  It is therefore possible that many of the 
environmental and enteric bacteria isolated from these experiments are present due to their 
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production of chitinases which may allow an interaction with the chitin in setal fragments from 
caterpillars within the oral cavity and digestive tract of horses.  
Not all of the bacteria isolated from these experiments, however, produce chitinases.  Other 
isolates are known to produce chitin binding proteins (CBP) solely or in conjunction with 
chitinases.  Chitin binding proteins bind to polymeric N-acetylglucosamine within the chitin of 
arthropod exoskeletons, fungal cell walls, and polymers containing GlcNAc present on the 
epithelia of the intestinal mucosal surface allowing bacteria to directly attach to these surfaces 
(Sanchez et al., 2011).  In this way CBP enhance the susceptibility of chitin to chitinases and 
act as adhesins for bacteria (Sanchez et al., 2011).  Recent studies have found that CBP may 
play more of a role in chitin degradation than just substrate recognition and chitin binding 
(Vaaje-Kolstad et al., 2011).  Enterococcus spp., Lactobacillus spp., and Pseudomonas spp. 
isolated from these experiments have been found to express CBP on their surface (Table A.1, 
Appendix IV).   
The structural similarities between epithelial surface peptidoglycans containing GlcNAc and 
chitin within insect exoskeletons allow for a cross-over in bacterial adhesion to chitin as well as 
gut epithelia (Tran et al., 2011).  Studies involving the faecal organism Enterococcus faecium 
show this organism has the ability to bind to gut epithelia as well as the chitinous structure of 
zooplankton for survival in the environment (Signoretto et al., 2005). Listeria monocytogenes, 
a pathogenic bacterium found in soil, water, and decaying organic material and the cause of 
Listeriosis, produces chitinases and CBP which serve a dual purpose; first to break down chitin 
in the natural environment to use as a nutrient source and secondly to help the bacterium 
colonize and invade cells within mammals (Tran et al., 2011).  There were similar findings 
involving Vibrio cholerae, which was shown to have four chitinase genes and CBP named GbpA 
(Tran et al., 2011).  Not only could V. cholerae bind and utilize chitin as well as its monomer 
GlcNAc, it was also able to bind to the GlcNAc within mucin (Tran et al., 2011).  The same 
GbpA CBP was found in an oral associated Streptococcus, Streptococcus mutans, allowing 
this organism to adhere to the surfaces of teeth (Matusumoto-Nakano et al., 2007).  The 
expression of chitinase genes and CBP by normal commensal bacteria and pathogenic 
organisms for interaction with the host cell glycans composed of GlcNAc suggests that the 
expression/secretion of chitinases and CBPs may be measured as virulence factors for these 
organisms (Frederiksen et al., 2013).  As many enteric bacteria also have these surface binding 
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proteins, a complex interaction between the chitin of the setae and different bacterial species 
might allow for tight adherence or associations.  This would allow the migration of the adherent 
bacteria along with the setal fragments into the foetal tissues ultimately resulting in EAFL.   
Bacteria producing NAGase, the enzyme which breaks down the oligosaccharide by-products 
of chitin hydrolysis by chitinases into usable GlcNAc, may selectively associate with setal 
fragments and chitinolytic organisms within the gastrointestinal tract (Chen et al., 2010).  
Bacteria isolated in association with these experiments, field cases of EAFL, MRLS, and focal 
mucoid placentitis which produce this enzyme are species in the genus Arthrobacter, 
Escherichia, Enterococcus, Cellulomonas, Microbacterium, Pseudomonas, Streptococcus, 
Proprionibacterium, and Amycolatopsis (Yem and Wu, 1976; Takegawa et al., 1989; Okajima 
et al., 1994; Clarke et al., 1995; Eckert et al., 2006; Mayer et al., 2006; Park et al., 2010; 
Delgado et al., 2011; Zucchi et al., 2012; Chapter 8). Additional bacteria isolated from these 
experiments have also been shown to utilize GlcNAc, the final breakdown product from the 
hydrolyzation of chitin, as a nutrient source including E. coli, Streptococcus spp., and Proteus 
vulgaris as well as some organisms which have been associated with focal mucoid placentitis 
(Streptomyces spp. and Amycolatopsis spp.) and MRLS (Chen et al., 2002; Donahue et al., 
2006; Sato et al., 2010a).   
A symbiotic relationship may form between chitinase producing bacteria and those which utilize 
the breakdown products of chitin hydrolysis on setal fragments.  This may be a factor in the 
polymicrobial infections found in some abortions from these experiments and clinical cases of 
EAFL.  Dual species of bacteria have been found to grow on chitin added to soil and in marine 
environments where one organism degrades the chitin with chitinases while the other organism 
without chitinases utilizes the resulting monosaccharides and protection of the biofilm (Everuss 
et al., 2008; Sato et al., 2010b).  A prime example may be the dual isolation of Aeromonas 
hydrophila, a chitinase producer, and Lactobacillus salivarius, a species known to have CBP, 
from the stomach contents and lungs of Foetus 3 (Chapters 6, 8).  Additionally, Enterococcus 
cancerogenous, isolated from the stomach contents of Foetus 11 along with St. gallolyticus 
subsp. gallolyticus, is a known chitinase producer and some Streptococci strains are able to 
utilize GlcNAc as a nutrient source (Table A.1, Appendix IV).  This may be one aspect of a 
symbiotic relationship that forms between generally non-pathogenic bacteria. Another aspect 
may be biofilm production. 
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11.6.4 Biofilms 
Adhesion of bacterial organisms to setal chitin may be further enhanced by the ability of a 
bacterium to produce or coexist in a biofilm. Bacteria exist in most ecosystems in free floating 
forms or attached to surfaces in colonies (Clutterbuck et al., 2007).  These colonies are termed 
biofilms and consist of single or multispecies organisms surrounded by a complex mix of 
proteins, nucleic acids, lipids, and biopolymers secreted by the inhabitants (Flemming and 
Wingender, 2010).  Biofilms play a role in bacterial adherence to surfaces and other bacteria, 
colonization of host tissues, genetic exchange between bacteria and resistance to antibiotics 
(Itoh et al., 2005). Stabilization of the biofilm is enhanced by extracellular bacterial structures 
like flagella, pili, and fimbriae which also facilitate attachment of bacteria to a wide range of 
surfaces (Flemming and Wingender, 2010).  Extracellular enzymes trapped within these 
biofilms have been found to act on water-soluble polymers like polysaccharides, water-insoluble 
compounds like cellulose and chitin, as well as organic materials trapped within the biofilm to 
break down biopolymers for use as carbon and energy sources (Flemming and Wingender, 
2010).  The extracellular composition of the biofilm can vary with the types of organisms 
present, temperature, availability of nutrients, and shear forces surrounding the biofilm structure 
(Flemming and Wingender, 2010).   
Biofilm production is in three stages; microbial attachment to the surface, growth of the biofilm 
structure, and detachment of planktonic bacteria from the biofilm mass (dispersion stage) 
(Clutterbuck et al., 2006).   The ability of bacteria and resulting biofilm to attach to smooth 
abiotic and biotic surfaces is mediated by a number of specific and non-specific mechanisms 
which may apply to bacterial adhesion to caterpillar setal fragments.  Specific mechanisms may 
relate to surface associated lectins or carbohydrate binding proteins on the surfaces of bacteria 
which have an affinity for GlcNAc (Slifkin and Doyle, 1990) (Deutschmann, 2010).  Strains of 
oral Gram-positive bacteria like S. salivarius and E. faecalis isolated in these studies have 
previously been found to positively agglutinate with lectins probing for GlcNAc (Lee et al., 1998).   
Lectin-GlcNAc recognition has also been found with K1 fimbriae of E. coli and 
lipopolysaccharides on the surface capsule of many gram-negative bacteria (Olek et al., 2006).   
Bacteria which produce lectins with an affinity to GlcNAc or have surface structures containing 
GlcNAc may have an increased affinity for the chitin in caterpillar setae. 
 
 
292 
Coating of setal fragments with saliva during mastication or plasma proteins during surface 
mucosal penetration may allow specific binding of bacteria due to microbial surface 
components that recognize adhesive matrix molecules (MSCRAMMs) (Hall-Stoodley, 2004).  
Streptococcus mutans, a commensal of the oral cavity in many species, have fimbriae which 
bind specifically to salivary amylase which may coat setal fragments in the oral cavity.  (Ray et 
al., 1999)  It is unknown if Streptococcus orisasinis or Streptococcus minor, isolated in these 
studies, may also have similar specialized fimbriae.  Host serum proteins like fibronectin, 
fibrinogen/fibrin, laminin, and vitronectin as well as mucus which may coat the setal fragment 
during initial tissue penetration within the GIT may facilitate the attachment of bacteria with 
MSCRAMMs (Hall-Stoodley et al., 2004). 
Acid mammalian chitinase (AMC) secreted in the salivary gland and stomach into the 
gastrointestinal lumen by humans has also been found in mice, chickens and frogs (Fujimoto 
et al., 2004).  Cows may also have a chitin binding protein analogous to the gut chitinase of 
mice which is thought to be produced by the bovine liver and secreted into the blood (Fujimoto 
et al., 2004).  In lower invertebrates, these CBP secreted into the gut bind to the cell wall of 
bacteria for opsonization by granular amoebocytes and play a role in gut homeostasis and 
immunity (Dishaw et al., 2011).  Investigating the presence of AMC in horses may reveal the 
role this CBP may play in gut homeostasis, and how the addition of caterpillar setae which 
cause mechanical and possibly chemical disruption to the stomach and gut interacts with this 
type of chitinase.   
Non-specific bacterial adhesion to caterpillar setal fragments may be promoted by extracellular 
surface fimbriae.  The smooth external surface of caterpillar setal fragments may allow bacterial 
adhesion similar to catheter associated colonization which is of major concern to the human 
healthcare system (Flemming and Wingender, 2010).  Amyloid-like curli fimbriae are part of the 
biofilm of E. coli, Salmonella sp, and some Actinobacillus sp. which may contribute to non-
specific binding to surfaces (Fine et al., 2006; Kimizuka et al., 2009). Other species of bacteria 
within the genera Nocardia, Corynebacterium, Dietzia, Mycobacterium and Actinobacillus have 
also been found to produce functional bacterial amyloid (FuBA) which may form extracellular 
fibrils that play a role in adhesion and biofilm formation also allowing non-specific adhesion to 
substances (Jordal et al., 2009).   
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Once bacteria are bound to the setal fragment surface, biofilm production and the presence of 
fimbriae may account for the ability of bacteria to stay bound to setae during tissue migration.  
Studies show that adhesion of mannose bound bacteria increased as shear forces increased 
likely relating to a conformation change in the fimbriae receptor bond (Korea et al., 2011).  The 
hollow shaft of setal fragments may also confer protected conditions for biofilm formation as the 
inner surfaces of food material are preferentially colonized by bacteria in the GIT (McAllister et 
al., 1990).  Biofilm adhesion and formation on setal fragment surfaces or within the hollow core 
may play a large role in bacterial translocation from the gut to the foetal membranes. 
Further experiments investigating the connection of bacteria isolated from known EAFL cases 
or focal mucoid placentitis may focus on the relationship to GlcNAc and binding of isolated 
bacteria to caterpillar setae (Todhunter et al., 2013; Chapters 5, 8). Table A.1 in Appendix IV 
lists characteristics of the isolated bacteria from the foetuses and foal that might be a connection 
between the isolated bacteria and caterpillar setae.  Detection of chitinase production, surface 
CBP via fluorescein labelling, NAGase production, ability to use chitin and its derivatives as a 
nutrient source and selective binding to chitin, mucin and extracellular matrix may further 
enhance our knowledge of the pathogenesis of EAFL, MRLS, and possibly focal mucoid 
placentitis. Biofilm production in the presence of chitin, binding to the setal fragments due to 
GlcNAc receptor proteins, and binding to caterpillar setae under flow conditions similar to the 
GIT may be other areas of investigation.  
11.7 Implications for differential diagnosis and research 
 
Caterpillar related abortion has now been described in both horses and camels. Placentation 
may be an important determinant of the outcome of caterpillar exposure in other pregnant 
herbivores. Caterpillar exposure could be a cause of abortion in grazing and browsing 
herbivores and should be considered as part of the differential diagnosis in unexplained cases 
of placentitis and/or endometritis as well as gastrointestinal disturbance in these species.  
Since the first description of EAFL in 2004, it has been estimated that this disease accounts for 
in excess of 33% of equine abortions in the Hunter Valley region of NSW (Butt and Carrick, 
2010; J.B. Carrick pers. comm.). Based on these figures, the caterpillar-horse interaction that 
precipitates foetal loss costs the Thoroughbred breeding industry many millions of dollars per 
year. How can this wastage be prevented or how can mare exposure to caterpillars be reduced? 
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Caterpillars are normal inhabitants of the Australian environment and it will not be possible or 
even desirable to eliminate them. Processionary caterpillars in the Hunter Valley make use of 
some rare Acacia species and management by removing plants is not an option (M.P Zalucki, 
pers. comm.).   It should be possible however, to limit mare exposure to caterpillars.   Perhaps 
a binding agent could be developed to prevent setal invasion of the gastrointestinal mucosa or 
mares removed from areas likely to be infested with caterpillars. The latter is the best option at 
present but to do this effectively requires detailed knowledge of caterpillar ecology. A number 
of questions need to be answered to develop long-term sustainable management practices; 
Can Australian caterpillar species other than Ochrogaster lunifer and known to contain urticarial 
setae induce equine abortion? How far do caterpillar and setae disperse? Over what period do 
shed caterpillar exoskeletons persist in the environment? To answer these questions will 
require detailed entomology studies and the use of an appropriate model. In this respect, the 
guinea pig shows promise (Liu et al., 2012). Together the outcome of these studies will permit 
the determination of exposure risk of grazing mares.  
11.8 Epilogue 
 
The studies in this thesis set out to define the clinical entity of EAFL and in doing so, it became 
clear that EAFL is not simply an aberrant form of bacterial abortion.  There is a complex 
interaction between horses, caterpillars and bacteria which allows a foreign body to act as a 
vector for bacterial translocation and infection. The experiments that sought to clarify the 
pathogenesis of EAFL have demonstrated the pivotal role of caterpillar setae but the role of any 
toxin in the pathogenesis of this disease remains unclear. Although questions remain, the 
following question can be answered. 
11.8.1 Are EAFL and MRLS the same condition?  
Caterpillars as a cause of EAFL were considered as early as August of 2004. Brief discussions 
with MRLS investigators in 2005 as EAFL experimental research was being planned highlighted 
many of the differences between these two clinical syndromes in two different countries with 
two different caterpillars as has been discussed throughout this thesis. Nevertheless, there are 
now a number of book chapters (Riddle and LeBlanc,2007; Powell, 2011; Sebastian, 2011; 
Gwaltney-Brant. 2012;) and reviews (Sebastian et al., 2008; McDowell et al.,  2010) on MRLS 
that leave the impression that EAFL is  “Australian MRLS,” but this is a misnomer and 
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conceptually incorrect. Not only are the causative caterpillars, Malacosoma americanum and 
Ochrogaster lunifer different, but the circumstances of exposure as well as the range and scope 
of clinical manifestations produced by both disease entities are different.  
In the USA, there is evidence that MRLS occurs after plagues of ETC where horses may 
inadvertently ingest caterpillars that cover most surfaces including within water troughs 
(Sebastian et al., 2008; Powell, 2011). Under these circumstances horses are forced to ingest 
caterpillars or their associated material if they want to eat or drink. However, in Australia, 
ingestion of more than one live Processionary caterpillar is unlikely due to the extreme urticarial 
nature of these larvae. Horses in Australia are exposed to caterpillar components following 
inadvertent ingestion of exoskeletons when grazing (Cawdell-Smith et al., 2012).   EAFL is a 
more constant and insidious problem in Australia than the abortion storms that occurred in the 
USA with MRLS. 
Clinical syndromes associated with MRLS include early foetal loss, late term abortion, 
pericarditis, unilateral uveitis, and weak term foals.  Actinobacillus equuli and α-haemolytic 
Streptococcus sp. have been heavily promoted as the primary pathogens of MRLS although a 
wide variety were isolated and pathological descriptions have focused on the umbilical cord 
with only minor mention of other areas of the foetal membranes in published reports (Donahue 
et al., 2003; Donahue et al., 2006).  It is unknown if the setae from ETC migrate any further 
than the submucosa of a non-pregnant mare as studies similar to Chapter 6 have not been 
published.  Due to the differences apparent in the literature and those revealed in this thesis, it 
is too simplistic to describe these two syndromes as a version of the other.  
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11.8.2 Final words 
 
There are times when poetry is an appropriate medium to convey the science and emotion of 
research. Within the present context the following words apply;   
  
 
 
 
 
 
 
 
 
 
Caterpillar, caterpillar as far as you can see 
Walking in a line beneath a wattle tree. 
Spin a silken nest, hidden in the leaves. 
Shed your stinging hairs, scattered by the breeze. 
 
Caterpillar, caterpillar sleep beneath the ground. 
Falling nests and hairs from heights no longer bound. 
Poison little spears spread from tree to post 
Shed with every moult from its little growing host. 
 
Hungry, hungry mare- pregnant in the heat 
Eating every blade, checking for a treat. 
Sudden loss of weight, quick and then it’s done 
Empty in the caterpillar field beneath the Aussie sun. 
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A.1 Glandular Stomach 
 
 
 
Figure A.01.  Glandular stomach, M3. Large setal fragment (long arrow) with 
mononuclear reaction and focal necrosis in the mucosa and additional small setal 
fragment (short arrow) without any obvious reaction.HE. 
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Figure A.02.  
Glandular stomach, 
M3. Cross section of 
a setal shaft with 
small barbules in the 
muscularis mucosae 
with a neutrophilic 
reaction. HE. 
 
A.03 Glandular Stomach, horse, M3. Setal fragment at the bifurcation of a 
vessel in the mucosa of the glandular stomach with focal necrosis. HE.  
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A.04 Glandular Stomach, horse, M3. Multiple setae (arrows) within the 
submucosa with granulomatous reaction. HE.  
A.05  Glandular 
stomach, horse, M7.  
Long degenerating setal 
shaft  in the submucosa 
with a focal 
mononuclear reaction 
at the tip. HE 
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A.06   Glandular Stomach, horse, M2.  Setal fragment with short barbules penetrating 
the tunica media of a small artery with the shadow of the shaft distally (short 
arrows). HE.  
A.07  Glandular stomach, horse, M7.  Setal fragment (arrow) in the lumen of a 
submucosal artery without obvious reaction. HE. 
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A.08.  Glandular stomach, horse, M7. Low magnification of a setal fragment (box) in 
the serosa. HE.  
A.09.  Glandular stomach, horse, M7. High magnification of setal 
fragment in A.08 showing slightly moth-eaten appearance to the 
shaft, fading of the golden colour, and ragged edges. HE. 
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A.2 Duodenum 
 
 
 
 
 
 
 
A.10.  
Duodenum, 
horse, M5.  
Acute, mild 
infiltration of 
the serosa by 
cells consisting 
of 
macrophages, 
lymphocytes, 
and rare 
scattered 
neutrophils. HE.  
A.11.  Duodenum, horse, M5.  More developed serosal reaction in same mare as 
A.10 with fronds of hyperplastic material developing as well as a more intensive 
cellular reaction. HE. 
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A.3 Jejunum 
 
 
 
 
 
 
 
 
 
 
 
 
 
A.12.   Jejunum, horse, M4.  Long setal 
shaft (box) penetrating  the mucosa with 
a focal neutrophilic  reaction.  The 
anterior of the shaft is hidden by the 
tissue plane and the posterior with the 
retrograde barbules is visible surrounded 
by necrotic material, neutrophils, and 
bacteria (inset). TB.  
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A.13.   Jejunum, horse, M3.  Setal fragment (arrow) penetrating a deep crypt with 
sharp barbules visible and focal necrosis. HE.  
A.14.  Jejunum, horse, M2.  Setal fragment with barbules (arrow) embedded in the 
mucosa without obvious cellular reaction. HE.  
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A.4 Caecum 
 
 
 
 
A.15.  Jejunum, 
horse, M6.  Cross 
section of setal shaft 
in the submucosa 
without an obvious 
cellular reaction. HE.  
A.16.  Caecum, horse, M7.  Barbed setal 
fragment in the muscularis mucosae (box) 
with a mild neutrophilic and lymphocytic 
cellular reaction (inset). HE.  
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A.17.  Caecum, horse, M7.  
Setal fragment within a 
lymphoid nodule in the 
submucosa of the caecum 
without an obvious 
cellular reaction. HE.  
A.18.  Caecum, horse, M5.  
Cross-section of a large barbed 
setal shaft with focal 
neutrophilic necrosis. HE.  
A.19. Caecum, horse, M2. Cross-
section of a large barbed setae 
with an extended area of mucosa 
affected (arrows) by the focal 
necrosis. HE.  
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A.5 Right Dorsal Colon 
 
 
 
 
A.20.  Caecum, 
horse, M2.  
Ciliates within the 
lumen. HE.  
A.21.  Right dorsal 
colon, horse, M5.  Two 
setal fragments in the 
submucosa (arrows) 
with one phagocytosed 
by a multinucleated 
giant cell. HE.  
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A.22. Right dorsal colon, horse, M5.  Long 
setal shaft penetrating the mucosa with 
distortion of the mucosa due to pinching 
(arrows) of the tissues caused by the 
leading posterior point of the shaft. Inset. 
Higher magnification of the shaft showing 
focal necrosis and pink staining to central 
area of the shaft.  HE.  
A.23. Right dorsal colon, horse, M7.  Moth-eaten setal shaft surrounded by 
macrophages in the submucosa. HE.  
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A.24.  Right dorsal colon, horse, M5.  Large setal fragment disrupted by processing (large 
arrow) with two smaller setal fragments acting as foci in early granulomas (arrow heads). HE.  
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A.25.  Right dorsal colon, horse, M2.  Multiple setal fragments (arrows) causing a variety of 
reactions within the mucosa and submucosa  from unapparent to granulomatous. HE.  
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A.27.  Right dorsal colon, horse, M3.  
Setal fragment in the mucosa 
causing focal necrosis. HE.  
A.26.  Right dorsal colon, horse, M3.  Setae cross-section (arrow) as a 
focus of a granuloma within the submucosa. HE.  
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A.29.  Right dorsal colon, 
horse, M3. Crypt 
microabscess. HE.  
A.28.  Right dorsal colon, horse, M2.  Setal shaft penetrating the 
submucosa highlighting the lack of stain uptake in contrast to the 
surrounding tissues. HE.  
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A.6 Left Dorsal Colon 
 
 
 
 
 
 
A.30.  Right dorsal colon, 
horse, M5.  Small setal 
fragment cross-section in the 
lumen of a mucosal capillary 
with a diameter only slightly 
larger than a lymphocyte 
nucleus. HE.  
A.31.  Left dorsal colon, horse, M3.  Long setal fragment in the mucosa with focal 
necrosis. HE.  
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A.7 Left Ventral Colon 
 
 
 
 
 
A.32.  Left ventral colon, horse, M5.  Setal shaft heading out of a vessel with pinching 
around the shaft and a mononuclear reaction. HE.  
A.33.   Left ventral colon, horse, M5.  Setal fragment  (arrow) adjacent to a venule with a 
mononuclear reaction possibly disrupting the tunica intima. HE.  
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A.34.  Left ventral colon, horse, M5.  Multiple setal fragments adjacent to vessels within 
the submucosa with minimal cellular reaction. HE.  
A.35.  Left ventral 
colon, horse, M3.  
Focus on the barbed 
setal fragment 
anterior tip showing 
crisp edges and 
golden refractory 
colour. HE.  
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A.8 Right Ventral Colon 
 
 
A.37.  Right 
ventral colon, 
horse, M5.  
Phagocytosis of a 
setal fragment in 
the submucosa by 
a multinucleated 
giant cell. HE.  
A.36.  Left ventral colon, horse, M3.  Setal fragment cross section (box and inset) acting as a 
focus of a crypt microabscess. HE.  
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A.38. Right ventral colon, horse, M3.  
Setal fragment as a focus of a 
submucosal granuloma with 
multinucleated giant cells (arrows). 
HE.  
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A.9 Uterus 
 
 
A.39.   Uterus-
Allantochorion, 
horse, M2-F15.  
Intact uterine-
placental junction 
of mare which was 
euthanased two 
days from the first 
treatment showing 
marked 
perivascular 
oedema of the 
allantoic vessels.  
AL, Allantois; EEC, 
extra-embryonic 
coelom; SvChSt, 
Subvillous 
chorionic stroma; 
V, villus; MC; 
Microcotyledan; 
EG, endometrial 
glands; MyM, 
myometrium; S, 
serosa. HE.  
A
L 
MC  
V 
SvCh
St 
EEC 
MyM 
EG 
S 
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A.40. Uterus, horse, M7.  Stratum spongiosum deep to the endometrial glands showing 
bacilli within a venule (box and inset). Enterobacter cancerogenous, a Gram-negative 
bacillus, was isolated from the foetus of this mare-F11 (Chapter 8). HE.   
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A.42.   Uterus, horse, M3.  Setal fragment (long arrow) and ghost outline of the shaft 
(arrowheads) within the endometrium stratum spongiosum of a mare was euthanased 4 
days after the first treatment (Chapter 6). HE.  
A.41.   Uterus, horse, 
M6.  Setal fragment in 
the stratum spongiosum 
with a faint trace of the 
migration path above 
the fragment, slight 
pinching distal to the 
fragment, and without 
obvious cellular 
reaction. HE.  
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A.10 Lymph Nodes 
 
 
             
 
 
 
 
 
    
 
 
 
 
 
 
 
 
A.43.  Lymph node, horse, M2.  Small 
fragment with a mononuclear cellular 
reaction. HE.  
A.44.  Lymph node, horse, M4.  Small 
fragment without an obvious cellular 
reaction. HE.  
A.46.  Lymph node, horse, M4.  Small 
fragment within a medullary sinus 
without an obvious cellular reaction. 
HE.  
A.45.  Lymph node, horse, M4.  Small 
setal fragment without an obvious 
cellular reaction. HE.  
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A.47.  Lymph node, horse, M5.  Small setal 
fragment within a lymphatic nodule. HE.   
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A.49.  Lymph node, horse, M7.  Two fragments in the cortical region; one as a focus 
of a granulomatous reaction (left) and the other with only a mild mononuclear 
reaction (right) but with a more moth-eaten appearance. HE 
A.48.   Lymph node, horse, M5.  Small fragment in a venule (arrow). HE. 
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A.50.  Lymph node, horse, M5.  Long setal shaft (arrow) in a lymphatic nodule 
running parallel to the black line. HE.  
Appendix IV 
Table A.1   Microorganisms isolated from the foetuses and foals of pregnant mares experimentally gavaged with processionary 
caterpillars. a 
 
BACTERIA FOETUS 
NUMBER 
COLL 
METH 
TISSUE GRAM 
RXN 
HAB REF Associated  
with 
placentitis 
 or 
abortion 
REF Animal 
species 
GLcNAc  
or Setae 
Association 
REF 
Acnobacillus equuli† 7 A AF GPB MM,GIT  1,2 YES  3-6 equine Biofilm 
FuBA* 
41,40 
Aerococcus viridans† 8 S ALS GPC ENV, SK  7, 67  YES * 8 bovine unknown  
Aeromonas hydrophyla† 3 A,S SC,L,HB,LIV, 
AF, ALF, CH 
GNB ENV, GIT  9, 68 YES * 10 equine Chitinase 42 
Aerosphaera taetra† 8 S CH, ALS GPC ENV  11 No - - unknown - 
Bacillus sp.                 4 A PCF GPB ENV, ON 1, 69 No - - Chitinase  42, 43 
Bisgaard taxon 10† 14 A LIV, ALF GPB GIT 6  Yes 6 equine unknown  
Cellulosimicrobium cellulans† 4 A SC, L, PCF GPB ENV 12 YES  5,13, 
14 
equine Chitinase  44 
Coagulase negative 
Staphylococcus 
4,7,21 A L, ALF, UC, 
PCF 
GPC SK, ON, 
GIT  
1,2, 15   YES  5, 10 equine Chitinase*  42 
Corynebacterium spp.† 3,5,9 A,S AF, ALF, CH, 
HB, ALS 
GPB SK, MM, 
ENV 
1,70 YES  5 equine FuBA*  41 
Corynebacterium glutamicum† 6,13 A L,AF GPB ENV 16 No - - FuBA*  41 
Dietzia maris† 6 A LIV GPB ENV 17 No - - FuBA*  41 
Enterobacter cancerogenous† 11 A SC,L,HB,LIV GNB ENV 18,71 YES  5 equine Chitinase* 45 
Enterobacter cloacae† 20 A L,HB,LIV GNB ENV 19,71 YES* 10 equine Chitinase* 45 
Enterococcus casseliflavuus†  17 S UC GPC ENV, GIT 20,64 No - - CBP * 46 
Enterococcus faecium† 12,13,17,2
1 
A,S LIV,AF,UC, 
PLF 
GPC ENV, GIT 20,64 No - - CBP * 46 
Escherichia coli 3,4,14,20 A,S SC, L, LIV,CH GNB GIT,MM  1, 33  YES  4, 
5,10 
equine NAGase 47 
Klebsiella pneumoniae 5,7 A AF, ALF, UC, 
CH, ALS 
GNB ENV, 
GIT,MM 
21,71  YES  4, 22 equine Chitinase 48 
Lactobacillus spp.† 9 A SC, LIV, AF GPB MM, GIT  23 No - - CBP 49 
Lactobacillus equigenerosi† 13, 21 A SC GPB MM, GIT 24 No - - CBP 49 
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Lactobacillus salivarius† 3,14 A,S SC,L,AF,ALF,C
H 
GPB MM,GIT 23 No - - CBP 49 
Microbacterium testaceum† 2  AF GPB ENV 25 YES*  
 
5,26 equine NAGases 50 
Morganella morganii† 4 A L GNB GIT, ENV 27, 71 No - - LPS  51 
Pasteurella caballi† 6,10 A SC,L, HB,LIV GNB GIT  28, 29 YES  29 equine unknown - 
Proprionbacterium propionicum† 5 S ALS GPC GIT 30 No - - NAGase 52 
Proteus vulgaris 4 A L,HB,LIV GNB GIT 27,71 YES *  5,22 equine Biofilm 53 
Pseudomonas stutzeri† 5 A SC,L,AF, CH, 
ALS 
GNB ENV  31,72 No - -  Chitinase 54 
Pseudomonas spp.† 5 A LIV GNB ON, ENV 1,72 YES  22 Equine CBP 55 
Stenotrophomonas maltophilia† 5 A L  GNB ENV  32 YES  5, 22 Equine Chitinase 56 
Streptococcus dysgalactiae ssp 
equisimilus    
17 S UC GPC SK,MM  34 YES  4, 22, 
34,60 
equine Adhesins 57 
Streptococcus equinus† 2, 7, 8,13, 
14 
A SC, L, HB, 
LIV, AF, ALL, 
UC 
GPC GIT 65 No - - Adhesins 66 
Streptococcus equi ssp 
zooepidemicus  
14 A AF GPC MM 1,60 YES  4 equine Adhesins 57 
Streptococcus gallolyticus subsp. 
gallolycus† 
2,11,16 A SC, L, HB, 
LIV, AF 
GPC GIT 35,65 No - - Adhesins 57 
Streptococcus minor† 12 A LIV, AF, ALF GPC MM, T 61,65 No - - Adhesins 66 
Streptococcus mitus group† 15 A AF GPC SK, MM, 
GIT 
36, 
61 
No - - Adhesins 57 
Streptococcus orisasini† 1,9 A SC, L, HB, AF GPC MM 63 No  - - Adhesins 66 
Streptococcus suis† 12 A SC, L, HB GPC MM 37 YES 5 equine Adhesins 60 
Vagococcus fluvialis       4 A PCF GPC ENV, ON 38,64     YES*  38 porcine NAGase 58 
Wautersiella falsenni† 6 A L,LIV GNB ENV 39 No - - NAGase 59 
a    
References for table available below.  †, organism confirmed by 16s rRNA; *present in other species within this genus;  COLL METH, collection method; A, aspirate; 
S, swab; SC, stomach contents; L, lung; HB, heart blood; LIV, liver; AF, amniotic fluid; ALF, allantoic fluid; CH, surface of the chorion; ALS, surface of the allantois; GPB, 
Gram-positive bacillus; GPC, Gram-positive coccus; GNB, Gram-negative bacillus;  ON, oronasal only; MM, mucous membrane commensal not limited to oral cavity; T-
tonsils;  SK, dermal commensal; GIT, gastrointestinal tract commensal; ENV, environment; FuBA, Functional bacterial amyloid; CBP, chitin binding protein; NAGase, N-
acetyl-glucosaminidase.  
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Table A.2  GenBank accession numbers for bacteria confirmed with 16S rRNA sequencing from various sites of aborted 
foetuses or compromised foals of mares gavaged with processionary caterpillars in mid-gestation a 
 
 
a  (), foetus from which the isolate originated.  
BACTERIA Stomach 
Contents 
Lung Liver Heart 
Blood 
Amniotic 
Fluid 
Allantoic 
Fluid 
Pericardial 
Fluid 
Umb 
Cord 
Chorion Allantois 
Actinobacillus equuli - - - - (F7) KF933492 - - (F7) KF933493 - - 
Aerococcus viridans - - - - - - - - - (F5) KF933500 
Aeromonas hydrophyla - (F16) KF933471 (F3) KF933475 - (F3) KF933477 (F3) KF933479 - - (F3) KF933484 - 
Aerosphaera taetra - - - - - - - - - (F5) KF933501 
Bacillus sp.                  - - - - - - (F4) KF933516 -  - - 
Bisgaard Taxon 10 - - (F14) KF933466 - - (F14) KF933467 - - - - 
Cellulosimicrobium cellulans (F4) KF933514 (F4) KF933513 - - - - (F4) KF933515 - - - 
Corynebacterium spp. - - - - (F5) KF933497 (F3) KF933481 - - (F3) KF933483 - 
Corynebacterium glutamicum - (F6) KF933504 - - (F13) KF933522 - - - - - 
Dietzia maris - - (F6) KF933510 - - - - - - - 
Enterococcus faecium - - (F13) KF933527 - (F12) KF933526 - - - - - 
Lactobacillus equigenerosi (F13) KF933529 
(F21) KF933532 
- - - - - - - - - 
           
Lactobacillus salivarius (F14) KF933470 
(F3) KF933474 
(F14) KF933465 
(F16) KF933472 
(F16) KF933473 
- - (F14) KF933469 
(F3) KF933478 
(F14) KF993467 
(F3) KF933480 
- - (F3) KF933482 - 
Microbacterium testaceum - - - - (F2) KF933462 - - - - - 
Pasteurella caballi (F6) KF933506 
(F10) KF933519 
(F6) KF933505 (F6) KF933509 (F6) KF933507 - - - - - - 
Proprionbacterium 
propionicum 
- - - - - - - - - (F5) KF933502 
Pseudomonas stutzeri (F5) KF933496 (F5) KF933494 - - (F5) KF933499 - - - - - 
Stenotrophomonas 
maltophilia† 
- (F5) KF933495 - - - - - - - - 
Streptococcus equinus (F7) KF933490 
(F13) KF933528 
(F2) KF933464 
(F7) KF933489 
(F8) KF933524 
(F2) KF933459 
(F2) KF933460 
(F13) KF933531 
(F7) KF933491 (F2) KF933461 - - - - - 
Streptococcus gallolyticus 
subsp. gallolyticus† 
(F2) KF933463 
(F11) KF933523 
- - - - - - - - - 
Streptococcus minor - - - - (F12) KF933525 - - - - - 
Streptococcus orisasini (F1) KF933458 (F1) KF933456 
(F9) KF933518 
- - - - - (F1) KF933457 - - 
Streptococcus suis - (F12) KF933521 - - - - - - - - 
Vagococcus fluvialis       - - - - - - (F4) KF933517 - - - 
Wautersiella falsenni - (F6) KF933503 (F6) KF933508 - - - - - - - 
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